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FORENSIC ANTHROPOLOGY IN GERMANY 


BY ILSE SCHWIDETZKY 
Anthropological Institute, University of Mainz 


N January, 1953, while the author was awaiting her visa in the 
I U. $. Consulate at Frankfurt, she read in an American magazine 
a story concerning the daughter of a Mrs. M. from Chicago who had 
been kidnapped when she was two years old. Since that time she had 
been sought by her mother. Twenty-two years later, through the help 
of some newspapers, a young woman “was found in California who 
might possibly be the lost child. She was brought to Chicago, and two 
photographs show how the head and face of the mother and the pre- 
sumptive daughter were measured. However, only a few newsmen were 
impressed by such methods. The young woman returned to California, 
and Mrs. M. shut the door finally to reporters. 

In Germany, a number of such cases have been worked on by anthro- 
pologists and human geneticists in recent years. Many families were 
separated at the end of the war by the Soviet invasion, by the flight of 
the population from Eastern Germany, and by the disorder in the 
bombed cities. Often the names and data of little children were lost 
and, by the time the mother or the parents could find them, the children 
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themselves had changed by growing up. Then government officials sent 
the family to an anthropological or genetic institute which could often’ 
give them the assurance that the displaced child really belonged to this 
family (Schwidetzky 749, Steffens 750). 

However, such cases are but a very small part of the work of such 
institutes. Much more frequent are the cases of illegitimate children 
whose progenitors refuse to pay for them and similar forensic cases 
where the courts request expert opinion from anthropologists. Тһе 
German Anthropological Society (Deutsche Gesellschaft für Anthro- 
pologie) has published a list of experts fully qualified both by training 
and experience; the latest edition (1952) contains the names of 35 
anthropologists and human geneticists, some of whom are physicians, the 
others biologists. Some of these experts have established private labora- 
tories of forensic anthropology, while others are connected with university 
institutes where younger anthropologists, whose salaries are paid for 
out of the fees charged, take part in the investigations. On the average, 
each expert on the approved list may take on about 75 cases per year. 
Thus about 2500 expert opinions are presented to the courts by anthro- 
pologists every year. More opinions are given by physicians who are 
not on the list of the German Anthropological Society because they have 
neither the education nor the experience necessary for fully qualified 
investigations. These are not blood-group determinations. Cases are 
sent to the anthropologists only when the blood groups, determined by 
institutes of serology, legal medicine, ete., have led to no definite con- 
clusion, that is to say, the presumptive father could not be excluded. 

The first anthropological opinion of this kind was given in the year 
1926 by Professor Otto Reche who was at that time the director of the 
Anthropological Institute at Vienna. In the next decade the anthro- 
pological institutes, particularly at Berlin (Eugen Fischer, von Verschuer, 
et al) and at Vienna (Weninger, Geyer, et al.), continued to develop 
the method. Other institutes participated in this work, collected and 
exchanged experiences, and trained younger human biologists. The 
courts came increasingly to trust in the new method which had helped 
to clear up so many cases. In 1931, the Supreme Court of Vienna 
decided for the first time that the non-admittance of an anthropological 
expert opinion was a defect in legal proceedings, and soon this was the 
general point of view in Germany as well (Harrasser 235, 750). 

According to a recent inquiry in various countries, Germany and 
Austria are ahead not only in the development but also in the applica- 
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tion of the methods of forensic anthropology (Schwidetzky 7514). Only 
in Sweden and Denmark are they also well introduced into the adminis- 
tration of justice, but there are not so many referrals as in Germany. 
The Institute of Human Genetics and Race Biology at Uppsala, whose 
director is Professor G. Dahlberg, seems to have the only department 
of forensic anthropology in Sweden, and it renders about 25 to 30 expert 
opinions each year. In Czechoslovakia, German experts introduced the 
method during the occupation of that country, and a Czech anthropologist 
has continued to use it after the war (Valšik 49). In Poland and 
Switzerland as well the first opinions have been prepared by anthro- 
pologists (Pfannenstiel 753). In the United States, and in many other 
countries too, the method is almost entirely unknown. Sometimes 
physieal anthropologists are requested to render an opinion in cases of 
supposed Negro descent, as, for example, when a child is to be adopted. 
But this is really more a matter of racial diagnosis than one of family 
descent, since only the child and not the parents is examined. In answer 
to the inquiry mentioned above (Schwidetzky 51a), an American gene- 
ticist wrote as follows: “I am amazed at the degree to which both 
anthropologists and the legal profession in Western Germany have 
developed the scientific aspect of the determination of paternity. I 
believe that is far ahead of anything done in this country." 

After the war there was an immense increase in the number of 
referrals in Western Germany: many illegitimate children were born, 
many former soldiers when they returned home were confronted with 
offspring in their families whose progenitors they could not be or they 
believed themselves not to be. In recent years the number of cases has 
become more normal and in a better proportion to the number of 
available experts. And as scientific research revived in Germany, the 
further development of forensic anthropology took place. In its Mainz 
meeting in 1950, the German Anthropological Society devoted an entire 
day to lectures and discussions on this topic. In 1953, a special meeting 
for experts was held in Miinster, arranged by the Institute of Human 
Genetics, which is now the most active center of research in human 
genetics in Germany. Its director, Professor von Verschuer, is the 
president of the German Anthropological Society at the present time. 
These special meetings of forensic anthropologists will be held every 


two years to exchange experiences and to discuss the results of con- 


tinuing scientific research. 
The method of determining paternity involves many hereditary traits 


a 


4 ILSE SCHWIDETZKY 


with the exception of blood groups which are determined in advance. 
Some of these traits with simple inheritance, such as eye color, hair 
form, or the ability to taste P.T.C., provide evidence to exclude the 
wrong father under some circumstances, but not with the same degree 
of certainty as is the ease with blood groups. However, the prineipal 
part of the method consists in the comparison of the child, mother, and 
suspected progenitor(s) in a large number of complex polymeric traits 
whose hereditary nature has been established by twin and family research 
work but whose mode of inheritance is not known in detail (Kramp 739, 
240, 749, 748, Loefiler ^40). Тһе greater the number of similarities 
between the child and the progenitor in question, the more probable 
it is that he is really the child's father. Thus it may be possible to 
determine the father positively (Vaterschaftsnachweis), while on the 
other hand by stating that blood groups and other monomeric characters 
we can exclude a suspected progenitor from being the father (Vater- 
schaftsausschluss ). 

In order to determine the total resemblance in hereditary traits it is 


: қ di Басрада 
recommended to consider as many of them as possible. In the “ Instruc 


tions of the German Anthropological Society for Anthropological- 
Genetic Expert Opinions in Forensic Cases ” (1949) 4 pages are devoted 
to the enumeration of hereditary traits which must be examined. 
These include the following groups: structure of the iris (including 
eye color), hair texture and hair growth patterns, form of the head 
(including the forehead), total face, eyes (including eyebrows, eye 
lashes, eye folds), nose (including nostrils and nasal wings), mouth and 
chin, ear, oral cavity (including teeth and tongue), hands and feet, 
papillary ridges on fingers, palms, toes, and soles), and physiological 
traits such as the ability to taste P.T.C. Photographs, at least of the 
head as seen from the front and from the side, must be taken and 
added to the expert opinion. Special photographs of the iris, ea^ eye 
region, nose from below, hands, and feet are recommended, especially 
when there are important similarities between the child and the pre- 
sumptive father. 

It is obvious that not all of these traits have the same value in 
every case: 

1. Traits which change greatly during growth, such as the form 
of the forehead, nose breadth or chin, are less important, but they must 
always be examined because there may be striking similarities. 


$. Sex variability has also to be considered since the child is always 
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compared with individuals of both sexes, i.e. mother and presumptive 
father. 

3. Those traits which are similar in the child and mother are less 
important for the comparison between the child and presumptive father. 
But they are not entirely a matter of indifference: if the child resembles 
the mother and the presumptive father, this is a more positive piece of 
evidence than when the child is similar to the mother and dissimilar 
to the presumptive father. 

4. Similarity in traits of frequent occurrence do not lend the same 
evidence as do rarer traits. 

5. Of course, such highly modifiable traits as body weight or chest 
circumference are of lesser importance. 


Experience is needed to consider all these points of view, to know 
the variability by age and sex, the approximate frequency of the traits, 
the possible effects of environment and so forth. Therefore, the German 
Anthropological Society admits to its list only human biologists who 
have had three years of experience in an appropriate institute, and three 
expert opinions of each applicant are examined by a commission of 5 
experts. An attempt is also made to clarify those cases in which two 
expert opinions are given whose results do not correspond. It may be 
mentioned that there have been but few cases of this kind where both 
experts have been admitted to the approved list of the Society. 
iat the methods of determining paternity have not yet 
There are several avenues for future development: 
1. New hereditary traits are being sought for. 2. An attempt is being 
made to determine more prescisely the variability and frequency of the 
s already known, thereby providing further evidence 
3. Methods for the more precise summarization 


It is obvious th 
been exhausted. 


hereditary trait 
of special similarities. 
of the. detailed findings are now under examination. 

1. New hereditary characters are being sought for: though twin 
research has examined an immense number of morphological traits, some 
of them may have been overlooked or сап be rediscovered for the purposes 
of forensic anthropology. Klenke (51) examined the details of the 
palate from this point of view: the palatal ridges, the form of the rapha 
mediana and the papilla incisiva, the height and form of the palate can 
Schäfer (752) studied the uvula, Biegert (758), the tongue 
aracter of certain morphological 
ea, torus or sulcus 


be used. 
Sehwidetzky has settled the hereditary ch 
variations of the skull such as the crista supramastoid 
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bregmaticus, depressio lambdoidea and the tubera parietalia. Most im- 
pressive are the studies of Loefiler (758) оп the hair-streams of the 
forehead and neck. Rieger and Thums (751) proposed an ophthal- 
mological examination which has already given evidence in some pater- 
nity cases. This leads to pathological traits which sometimes clear up 
or decide a case. 

Last but not least, the vertebral column may be mentioned here. 
It has been vehemently discussed in recent years. Kühne has assumed 
that the variations of the spine are determined by one pair of genes. 
There is a cranial and a caudal tendency in variations, and the caudal 
one is said to be dominant. Special expert opinions based on the spinal 
column (Wirbelsiulengutachten) were made by Kiihne and other experts 
in paternity cases, especially during the years 1948-1950 (Bickenbach 
^47, Kühne *50). Variations in the spinal column were employed as 
excluding traits like blood groups, but some experts have also pointed 
to the positive similarities between parents and children (Illehmann- 
Christ and Diethelm 753, Pratje '51). Lenz (’51a, 7515) rigorously 
criticized this method at the 1950 meeting of the German Anthro- 
pological Society, and it has since almost completely disappeared from 
the practice of forensic anthropology. The results of further research 
should be awaited. In the meantime, one paper has been published, 
and perhaps this is the beginning of a revindication of the trait (1lleh- 
mann-Christ and Diethelm 753). In 113 paternity cases investigated 
by Lehmann, variations in the spinal column were examined indepen- 
dently by Tllehmann-Christ and Diethelm. Only in one case was there 
a certain contradiction between the two results, and the authors have 
also pointed to the positive similarities between the children and their 
parents. To be sure, such investigations are expensive, since 4 or more 
X-rays of the spine are needed. But in important cases which cannot 
otherwise be sufficiently cleared up they may give supplementary evidence 
to the courts. 

In regard to Mendelian inheritance, the experience of forensic anthro- 
pologists has disqualified another trait as well: the Bonnevie formulae 
for digital ridges. The average number of ridges, the maximum and 


minimum and the differences between single fingers show similarities 
between relatives, but the trait cannot exclude a 


presumptive father, as 
the formulae pretend to do (Baitsch 53). 


| ) There are too many discrep- 
ancies even between children and mothers which cannot be solved. At 
their Münster meeting, therefore, the anthropologists decided to no 
longer use the formula in their expert opinions. 
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2. An attempt has been made to determine more precisely the 
variability and frequency of the hereditary traits already known. This 
is a most important part of the research and probably most work is 
being done in this field. 

Тһе papers of Ehrhardt (751) on the eye folds and those of Pfannen- 
stiel (759) on the traits of the mouth and chin will be mentioned first 
of all. They give the frequency of the traits by age groups. It is 
supposed, and this really seems to be quite certain, that they point to a 
frequent trend in individual development, but not all possibilities of 
individual changes by growth and age can be determined in this way. 
Examinations of the same individuals at different ages have to be carried 
out. This research has been started at the Institute of Human Genetics 
at Miinster. Professor von Verschuer studied the same pairs of twins 
in 1924-25 and in 1950. Тһе children of the first studies have now 
become adult, and the adults are now in old age. In this small but 
extremely valuable study the age changes in physiognomical features can 
be compared with the non-hereditary differences between monozygotie 
twins. The first paper (Gerhardt 752) already has verified very clearly 
the general experience of anthropological experts that the classification 
of morphological traits in terms of a pre-determined scheme is not suffi- 
cient. In the Instructions of the German Anthropological Society we 


find the following statement: 


« By wedding oneself to a pre-determined scheme, one’s glance is 
diverted from that which is essential, that is to say, the critical 
examination by comparison. In this latter case it is basically a 
question of the finer details of certain structures, of the degree of 
similarity and dissimilarity, which are to be observed in the dis- 
Such observations cannot be forced into the 
asurement blank but must be 
a detailed description of 


tinguishing traits. 
framework of an already existing me 
carefully noted in each individual case by 


form.” 

on of this experience, the twin studies 
show which different forms can be considered as similar from the genetic 
point of view. The same question is to be put to traits without con- 
siderable age changes. Much work in Germany is being done on the 
papillary ridges which are of such great importance in modern human 
biology. According to Kramp (252) and to our general experience as 
well, similarity in special details are more important in paternity cases 


Beyond the precise verificati 
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than conformity to pattern-type. Different patterns can have similar 
detailed traits, and the same type of pattern in the child and presumptive 
father provides less evidence when the special structures are highly 
different. In the same way, the intrafamiliar variability of palm ridges 
was studied by Ehrhardt (753), that of the planta by Gieseler (753). 
But also quantitative traits, such as the number of whorls or the height- 
breadth index of finger-patterns studied by Becker (753) should not be 
completely neglected. Іп such traits similarity or dissimilarity can be 
determined only by statistical methods, and it is, therefore, particularly 
important to know their variability and frequency. 

The same is true for anthropometry. Most experts take only certain 
measures and then only because of anthropological tradition. Кенет 
(õla) has pleaded, however, for a rehabilitation of anthropometry 
and has developed an “ anthropometrical diagnosis of descent " (anthro- 
pometrische Abstammungsdiagnostik) with approximately 50 anthro- 
pometrical traits. This diagnostic method of Keiter has been often 
criticized and rejected. Іп fact, however, an exact analysis of anthro- 
pometrie data can give some evidence, as Schwidetzky verified for head 
measurements at the Münster meeting, and it is able to complete mor- 
phological comparison. Children and adults can well be compared 
when the deviations from the average of age and sex groups are taken 
into account: especially great deviations, similar in both the child 
and the presumptive father, can assist in determining the biological 
relationship. 

3. Methods are being examined for the more precise summary of 
the detailed findings. Тһе main trend in the development of forensic 
anthropology is the growing complication of the examinations. More 
and more traits are introduced, and, in general, the more recently intro- 
duced traits are the more difficult in method: it is easy to take finger- 
prints but more difficult to take toe-prints, as recommended by the 
Society's Instructions and now adopted by nearly all experts; the 
examination of the palate needs a plaster-cast ; that of the iris, a special 
magnifier; Loeffler’s hair-streams, а movable lamp (and, unfortunately, 
a good deal of time) ; the spinal column has to be X-rayed. Technical 
assistants may help during the morphological examinations, for instance 
in taking finger prints and photographs. The main part of the examina- 
tion, however, must he done by the expert himself. The direct mor- 
phological comparison of child, mother and presumptive father, and the 
summary of the ever-increasing number of details in the final result 
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cannot be left to assistants. Therefore, the method cannot be too much 
mechanized and reduced to merely a technical procedure, and more and 
more experience and time are needed to prepare a fully qualified expert 


opinion. 

As more and more detaile have to be summarized, it becomes in- 
creasingly important how the final result is obtained. In this respect, 
the existing Instructions of the Society (1949) are rather indefinite. 
According to these Instructions. all details have to be summarized in 
one of the degrees on a scale of probabilities as follows: 


1, 


2 


Sto © 


The probability that the presumptive progenitor is the real father 
borders on certainty ; 

It is highly probable that the presumptive progenitor is the real 
father; 

It is probable that the presumptive progenitor is the real father; 
li is impossible to reach any conclusions ; 

It is improbable that the presumptive progenitor is the real 


father ; 
It is highly improbable that the presumptive progenitor is the 


real father; 
It is obviously impossible that the presumptive progenitor is the 


real father. 


Lenz prefers other terms, and other experts are following his lead: 


сл 


These terms are perhaps more co 


It is evident that the presumptive progenitor is the real father; 


It is reasonable to suppose that the presumptive progenitor is the 
real father; 
It is not ev 
the real father; 
It is reasonable to suppose that the presumptive progenitor is not 
the real father ; 


The presumptive 
It is evidently impossible that the presumptive progenitor is the 


idently impossible that the presumptive progenitor is 


progenitor is evidently not the real father; 


real father. 
nvenient for the judges, who are 


not accustomed to the theory and terms of probability. 


In a modifie 


ation of Loefiler's scheme (Loefiler 40), which employs 
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additional categories, these degrees of probability might be equated to 
the following statistical probabilities : 


1— >99 
2 — 91-99 
3 — 66-90 
4 — 35-65 
5 — 10-34 
6— 9-1 

7—«]1. 


But that is only one approach, and there is no exact basis for these 
equations. It is only a matter of practical experience just how the final 
result is to be classified. Even a verbal definition of the various degrees is 
lacking іп the Society's Instructions. Schwidetzky (515) has attempted 
to do this by equating the degrees of the final result with the degrees 
of total resemblance, which is, in fact, the main basis of the summary : 


Similarity — 3 = Evidenlly impossible in forensic cases, Though 
there are many deviations from the mother, the 
dissimilarities with the presumptive father exceed 
greatly the similarities. There are also striking 
discrepancies in traits whose mode of inheritance 
is well known or only approximately known. 

Similarity — = Very improbable in forensic cases. There are 
many and considerable differences between the 
child and the mother, but also more dissimilarities 
than similarities with the presumptive father. 
The similarities between the child and the pre- 


sumptive father do not involve rare and striking 
traits. 


Similarity — 1 = Improbable in forensi cases. There are more 


dissimilarities than similarities between the child 
and the presumptive father in traits differing 
from the mother, but the deviations from the 
mother are small and involve no traits whose 
mode of inheritance is known. 
Similarity 0 = No evidence in forensic cases. The traits of the 
child which differ from those of the mother are 
partly to be found in the presumptive father. All 
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similarities involve frequent traits, but also the 
dissimilarities are not striking, since the devia- 
tions from the mother are small. 

Similarity -+ 1 = Probable in forensic cases. There are more simi- 
larities than dissimilarities between the child and 
the presumptive father in the traits differing from 
the mother, but most similarities involve frequent 
traits. 

Similarity -+ = Very probable in forensic cases. Some of the 
similarities between the child and the presumptive 
father differing from the mother are striking, that 
is to say, they involve rare details or the similar 
structure of whole morphological regions. 

Similarity + 3 = Evident in forensic cases. There are still more 
striking similarities between the child and the 
presumtpive father; the child resembles more the 
presumptive father than the mother. 


A 
60 


50 
40 
30 
20 
10 
+3+2+1 0 


Fro. 1. Distribution of the degrees of total similarity between children and 


father in unquestionable families (100) children). 
Note that the degree “0” is also represented in unquestionable families. + 
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+3+2+1 +3+2+1 +3+2+] 
a b C 


Fic. 2. Distribution of the positive degrees of total similarity between 
between children and * right" fathers. 


(a) In families. 

(b) In forensic cases with one presumptive progenitor. 

(е) In forensie cases with two presumptive progenitors. 
Note the similarity of distribution in families and forensic cases. 


But these are vague definitions too. It is one of the most vehemently 
discussed problems of forensic anthropology whether it is possible to 
give a statistical formulation to the final result. The first method of 
this kind was developed by Essen-Miller (788, Essen-Móller and Quensel 
789) and applied by Geyer (38).  Essen-Móller calculates for each 
trait a “Critical Value ” (Kritischer Wert) which may be defined 


Y е 
аз чу, where X is the frequency of conformity between the children and 


the “right” father and Y the frequency of the trait in the average 
population or in the “wrong” fathers, The probability of finding the 
" right? father by this trait is then | 
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р,--р (1) 

14-28 
The probability of finding the “ right " father by several traits (1, 2, 3, 


ete.) is 


2 (2) 


When there are two presumptive father (1,11), of whom one is the 
real progenitor, there is a greater probability of finding him, that is to 
say, the probability is higher than for a single man. 

Y 


(ur 
= (3) 


Ри, = -. 
Gi ки (Эл 

To this several serious objections have been made (Ludwig 751, 
Weninger ^49). Тһе two most important ones may be mentioned. 

1. The “critical values” are multiplied in formula (2). This 
would be valid only if there were no correlation between the traits. 
But even if the correlations between all the traits considered in paternity 
cases were known (up to now they are not), it is practically impossible 
to account for them in the formula. Thus, the calculation has to 
restrict itself to non-correlated traits, foregoing many other traits, 
possibly important ones. 

9. The “probabilities ? of the Еѕѕеп-МӧПег formula are not real 
statistical probabilities, since they do nof consider the statistical error. 

Keiter (7585) has replied to these arguments that Scheidt had 
calculated hundreds of correlations between morphological traits of the 
face and had found but few correlations of a low degree. Wichmann 
(51) used a much greater number of traits than formerly customary 
and could quite well separate the “ right ? from the “wrong ” fathers, 
as determined in 120 paternity cases by morphological comparison. 

Further methods have been proposed or examined. Keiter (751a, b, 
?53а) has developed two statistical methods. 

1. The diagnosis of descent by correlations (Korrelationsstatistische 
Abstammungsdiagnostik). It is applicable only to quantitative charac- 
ters, but also many morphological traits can be quantified (high-low, 


^ 
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big-small, etc.). Keiter always takes 7 degrees. The correlation between 
the child and the presumptive father is calculated for each case, and the 
variability of correlation-indices is determined. There is some оует- 


% 10 20 30 40 50 60 70 40 90 9 


А right fathers 
,Urong" fathers 


Ета. За. The distribution of the degrees of probabilities according to the 2nd 
Essen-Móller formula. (216 presumptive fathers in 120 forensic eases, 31 traits). 
“Right " and “ wrong ” fathers are determined by total morphological comparison. 
Note that there is no overlapping of the distributions in these 120 cases. How- 
ever, as the distributions are contiguous, an overlapping may occur in other cases- 
There are also probabilities > 50 fur “ wrong ” fathers, but no probabilities < 50 
for “right ” fathers. 

M, = Average of the “right” fathers. 


M, = Average of the “ wrong" fathers. (after Wichmann) 


lapping between “right” and “ wrong” fathers determined indepen- 


dently by morphological comparison, but the difference between the two 
groups is quite clear, 


| 2. Тһе“ Logarithm of Paternity > (Vaterschaftslogarithmus) deter- 
mines for each trait the similarity between the child and the presumptive 


father on a 7-point scale, at the same time taking the similarities between 


the child and the mother into account. Тһе different combinations are 
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classified according to their value as evidence (Keiter *51b). Ludwig 
(51) has proposed the use of discriminant functions to separate “ right ” 
from * wrong " fathers. "This method can also be applied only to quan- 


Cases 


%10 20 30 40 50 60 70 90 90 9b 


ing to the 3rd 
(Two presumptive fathers of whom one is the real 


Fic. ЗЬ. The distribution of the degrees of probability accord 
Essen-Méller formula. 
progenitor). 


Note that the distributions are now well separated. 


"There is no overlapping and pra mm " 
Distribution of the “right” fathers. | . 
i Y to Fig. 3a. 
осол istributi the “wrong” fathers accor ding g 
Distribution of th g he ші 


titative traits of normal distribution. Apparently no one has yet 


attempted to use it. Schwidetzky (753) has used а coefficient of like- 
ness, and it is one of the main purposes of her family investigations 
(Sehwidetzky 51b) to define more exaetly the “ total resemblance ? and 
its variability in families in which it may reasonably be assumed that 
the fathers are in fact the real progenitors. Only family research can 
really prove or disprove the validity of statistical methods of sum- 
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marizing. When they are applied to “right” and “wrong” fathers 
in paternity cases, there may be a selection of " good” cases, that is to 
say, those which could be well decided. But there is always a number 
of undecided cases (approximately 10%) whose presumptive progenitors 
cannot be classified either as “right” or as “wrong” fathers. Total 
resemblance “O” between the child and the father also occurs in 
unquestioned families. Thus only family research can indicate the 
whole variability of total resemblanee between relatives and thus define 
more exactly the degrees of probability in determining the “ right” 
progenitor. 

Most experts refuse to use statistical methods in the opinion itself. 
There was a long discussion on this subject at the Münster meeting. 
It was pointed out that only a portion of the traits considered in 
forensic anthropology can be proved statistically and that it is more 
important to see similarities and differences than to calculate them. 
А rigid classification of traits which is inevitably involved in statistical 
analysis may indeed conceal the real similarities, and there are often 
morphological details and special structures which have never been 
described and which are too rare to be studied statistically. But it is 
just such traits and structures which are of the greatest importance 
in paternity cases. 

This is certainly true. Perhaps, on the other hand, some experts 
are too hostile to the use of statistical methods in regard to the practice 
of forensie anthropology. Some arguments in their favor may be men- 
tioned here. ` 
| 4, General conclusions and a theory of the method of similarity are 
impossible without statistical analysis, and, of course, general results 
are also of use in the practise of forensic anthropology. For example: 
statistics has verified the practical experience that expert opinions are 
somewhat more positive for boys than for girls and that there is no 
important difference in certainty for children of three years and for 
those older than three; increased difficulties exist only for younger 
children, partly on account of their undevelo : 1 
of technical difficulties in taking finger-prints, plaster-casts, standardized 
photographs, taste tests, etc. "There is also a similarity among the 
various lovers of the same woman, and it has been proved that the 
analysis of similarity is more successful in dete 
“right ? fathers than in excluding the * 
detzky *51b). 


ped traits, partly on account 


rmining positively the 
“wrong” (Keiter ?58а, Schwt- 
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2. Statistics help in establishing more exactly similarities and dis- 
similarities, especially in quantitative traits. It is true that statistics 
require a precise classification of traits which do not suit completely the 
practical purpose of the method. But a large number of traits are well 
adapted to statistical analysis, such as measures and indices, or the 
present-absent traits which are not too rare in the average population. 
Many details can be settled more precisely, and even further details may 
be discovered by statistics. Certainly no expert would reject statistics 
for the critical investigation of single traits, although heretofore it has 
been possible only for a few of them. 

3. There is a general trend in the natura 
not least in genetics) to quantify their metho 
admitted to the exact analysis of single traits, it is impossi 
their application to the summary of details. 

It is true that none of the present statistical methods are fully satis- 
factory. Only a portion of the comparison of children and parents 
is involved. Such methods do not consider the similarities between the 
child and the mother, or they are unable to treat quantitative traits 
simultaneously with pure descriptions of form. They cannot see the 
wholeness of individual structures, being only able to sum up certain 
details in a mechanical fashion. I believe that it will be forever impos- 
Sible to cover by statistical summaries all the details which are now 
used in forensic anthropology. There will be a better approach only 
with the further development of methods. But that portion of the 
results which can be expressed in an exact manner (in the sense of 
mathematics) should not be expressed inexactly. Perhaps at some time 
in the future there will be sufficiently exact proofs to decide most cases. 
ОЕ course, the eye, the “ morphological glance can never be dispensed 
with, because the traits have first to be determined and classified before 
Statistical analysis can proceed. . : 

Today, about 10 per cent of the paternity cases remain undecided. 
The aim of the method of determining paternity must be that all cases 
can be cleared up and that the share of the high probabilities will become 
greater and greater. Indeed, the highest degree of probability is not 
necessary for the judge in all cases; often the mere presence of some 
Positive or negative evidence suffices. However, for the experts it is 
much more satisfying to have full certainty. But already today one 
can say that “ pater semper incertus ” is no longer true. 


1 sciences (and last but 
ds, and if statistics are 
ble to prevent 
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THE DEPOPULATION OF YAP 


BY EDWARD E. HUNT, JR. NATHANIEL R. KIDDER? AND 
DAVID M. SCHNEIDER ? 


N much of the world, the spread of modern civilization has brought 

about the assimilation, depopulation or extermination of many small 
Non-literate societies. Foreign diseases have become rampant among 
these peoples, along with wars, apathy and disorganization. 
_ One such depopulation has gone on for perhaps a century on Yap, 
m western Micronesia. Yap is a cluster of hilly islands with a total 
area of 38.67 square miles, all enclosed within a single coral reef. Its 
inhabitants are typical of the high islanders of the central Pacific in 
that they eat mainly root crops from their gardens and fish and shellfish 
from the sea, "Their social organization strongly emphasizes rank, with 
elaborate protocol and restrictions on the intermarriage and interdining 
of persons of high and low degree (Schneider, 53). Among the objects 
Most treasured by the Yapese is their famous “stone money.” This rich 
and intricate culture is still remarkably well preserved by a society of 
only a fraction of its former numbers. 

The living islanders say that the depopulation followed a period of 
оУегрор а оп which we consider to have occurred before 1850. Yap 
Was then 80 crowded that disinherited and destitute men and even their 
familiog lived miserably on rafts in the mangrove swamps. It is said 

184 sometimes 4 hungry men had to make a meal from a single coconut. 
b crude maximum estimate of the population of Yap at that time can 
e derived from a detailed map of 3 typical villages, made in the field 
ha 22 of us (Schneider). Numerous platforms of coral rock are 
leated on this map, and today represent both abandoned and occupied 
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dwelling sites. Taking the most sparsely populated village as repre- 
sentative of the entire land surface of Yap, one may estimate the total 
number of house sites now present in the islands. If each site was 
occupied by an average of 4 people, and if all sites were ever inhabited 
at one time, we obtain a grand total of 51,000 islanders at the peak of 
overpopulation. 


If 51,000 people ever actually lived on Yap, the population density 
would have been about 1,300 per square mile. Comparable densities on 
the most crowded Micronesian islands today are given in the 1952 report 
on the administration of the Trust Territory of the Pacific Islands, by 
the United States to the United Nations. Among these densitics are 
Nama (2,093), Losap (1,892), Eauripik (1,477), Pingelap (914) and 
Kapingamarangi (892). These values are of the same order of magni- 
tude as the estimate for Yap, but all of them apply to low-lying islands 
whose comparability with Yap is limited. The inland hilltops of Yap 
do not permit intensive cultivation, while most low islands are more 
uniformly arable. Relative to its land area, too, Yap has less extensive 
tidal flats for fishing than do most low islands. Finally, all of the house 
platforms in Yap may never have been simultaneously occupied. If an 
entire family dies out, its ghosts are believed to haunt their former home- 
stead, so that other Yapese are afraid to move in. For all of these 
reasons, 51,000 may be an excessive estimate of the former population 
of Yap. 

We cannot follow quantitatively the earlier years of the depopulation, 
but table 1 shows its continuation from 1899 to 1946. Although most 
of the population totals in this table are the direct results of various 
censuses, others had to be calculated indirectly. For several census years 
in the Japanese period, Yap was part of a district or administrative 48676” 
gate of western Micronesian islands, of which Yap’s own population 
comprised 61% in 1930. For 1935, the Yap total was obtained by SUP- 
d the number of Chamorros then living in Yap from the tota 
dE apanese there. This figure was again very nearly 61% 

ct population. Because of this resemblance to the percentas® 


for 1930, the Yap totals for 19 5 
; the 20, 1925, 193 s 61% 
of the district totals for these уса. А а 


The existence of this de i 
В ч population has been recognized by all ше 
^ the nations governing Yap during this century: Hos Japan 9» 
: . > 
: e dis States. German authors of official reports from Yap to Шш 
eichstag, from which the 1900-11 census totals were taken, primarily 


TABLE 1 


THE DEPOPULATION ОҒ ҒАР 23 


Successive Population Totals of Yap Islanders 


RATE OF CHANGE 


CENSUS GOVERNING TOTAL PER YEAR 

YEAR POWER POPULATION IN PERCENT SOURCE OF DATA 

1899 Spain 7,808 —— Catholic mission data after 
Yanaihara (789) 

1900 — Germany 7,464 —44 German government 

1903 " 7,156 —14 “ “ 

1005 5 6,641 —3.7 а Ч 

1910 6,328 -1.0 5 4 

1911 “ 6,187 —3.8 % 

1915 Тарап 5,790 —1.6 Matsumura (718) 

1920 f 4,988 —3.0 619 of Yap district total in 
Yanaihara (’39) 

925 

1925 " 4,401 —2.5 i 

ТЕ 

Ses V 3,863 —9.6 Nanyo Gunto (232), vol. 2 

Ч 

934 3,605 --1.3 Japanese Government Annual 
Report (736) to League of 
Nations Mandates Commission 

1935 у 3,556 —3.0 Recomputed from Yanaihara 

1 (39) 

930 4 3,467 —94 — 6166 of Yap district total in 
Yanaihara (759) 

1987 5 3,391 --8.3 « 

Ё А 

е U.S. 2,582 —3.0 Census by the authors 

tes M 2,007 +1.0 z 

te x 2,625 +0.6 “ 

i p 5 9,604(1) --9.4(7) Marshall (558) 

95 “ 

"iin 2,720 411 x 

51 “ 
4 9,114 --19 


considered the medical aspects of the decline, and attributed its long 
uration to epidemics and a consequent high mortality among the Yapese. 


he chief 


Japanese work on the depopulation was carried out by Fujii 


* + 

з) 11) response to queries from the League of Nations Mandates 
E mmission to the Japanese government. His studies dealt with the 
alth of the Yapese, both in its effects on mortality, and on their 


fertility, 


^ 
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Since the American occupation in 1945, two studies of the dem- 
ography of Yap have been carried out. One was an unpublished census 
of Yap by John Useem in 1946. The second was the field research on 
which much of the present paper is based. It was part of the Coordinated 
Investigation of Micronesian Anthropology (CIMA), as described by 
Murdock (48A, '48B). One of the many anthropological organizations 
which sent investigators into Micronesia was the Peabody Museum of 
Harvard University. 'The Harvard project was financed both by the 
museum and by the Office of Naval Research, and was carried out by 
the authors, together with Dr. William D. Stevens. А joint report to 
the Pacifie Science Board, National Research Council, was a preliminary 
account of the findings presented here (Hunt et al., 49). 

In 1949, the Navy hospital ship U. S. S. Whidbey visited Yap, and 
its staff carried out medical examinations, by both clinical and laboratory 
techniques of 2,193 islanders. McNair et al. (49) have published the 
findings of this survey. 

Thanks to Dr. H. L. Marshall, Director of Public Health, Trust 
Territory of the Pacific Islands, population totals for Yap in 1949, 1950 
and 1951 are appended, even though he has doubts as to their accuracy 


DEMOGRAPHIC METHODS 


АП of the foregoing sources are incorporated into the present paper, 
especially material from the census by the Harvard expedition of 1941-48. 
The field methods used in this census were a function of the smallness 
and isolation of Yap and the peeuliarities of its social organization. i 
of the authors (Kidder and Hunt) traveled together from village to 
village with parties of Yapese census interviewers. Two or more 808 
hamlets could usually be reached in а day, or else one larger community: 
Since modern Yap has about 100 inhabited villages, it was impossib : 
to define one enumeration day for the whole area. Instead, the date 0 
the interviewing for a particular village was taken as its enumeration day 

Errors of enumeration almost inevitably bedevil census workers. 
Where a population is enumerated on gration 
during the census may lead both to in double 
enumeration. Fortunately, external migration was not a source of error 
because of the isolation of the islanders. Errors were controlled bY : 
series of checking devices which made use of two features of Ү 803% 
social organization. Omne was its grading by sex and age, and the ое? 
was its patrilocal extended family. For each Sex, the age-grading syste? 


successive days, internal mi 
complete registration and to 
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isolates groups of approximate age-mates at formal gatherings. At each 
village, a Yapese census interviewer would obtain a list of all the villagers 
in each age grade from the local inhabitants. Secondly, and never con- 
currently with the first list, an interviewer would obtain a list of all the 
occupants of each familial residential area. Before leaving the village, 
both lists were cross-cheeked with the incoming individual census sche- 
dules. АП discrepancies were corrected before leaving the village. 

Each individual census schedule was then used for secondary checks 
on the accuracy of enumeration. Every schedule contained the names of 
many persons other than the enumeratee himself. These others included 
the name and (if living) the present village of the enumeratee's real 
and foster parents, all progeny of his mother besides himself, his present 
and divorced spouses, and real and adopted children. If any of these 
individuals had died since the beginning of the American occupation 
Іп 1945, his death was checked against all of the other independent 
Sources of vital statistics. Cross checking revealed whether schedules 
Were available on every living relative of the enumeratee, and whether 
common data on the two schedules were in agreement. If the villages 
of these relatives had not yet been visited, each relative's name was 
i on a “ loose ends” file to be cleared up during later enumeration 

ays. 

In each of the 10 districts into which Yap had been divided during 
the German regime, the authors hired a vital statistics reporter. In 
obtaining primary household or extended family lists, the occurrence of 
any Pregnancy or death since the American occupation was noted. 
Finally, all of these events were checked against the births and deaths 
Which had been entered in the register of vital statistics kept by the 

егісап administrators. Р 

The interviewers attempted to account for the time and outcome of 
ig pregnancy of every living female Yapese. Not only the occurrence, 
but the dates of most of the live births during the Japanese period were 
obtained from the remarkably complete, original registers of vital statis- 
ties kept by the Japanese policemen in Yap. The terminal dates of other 
Pregnancies were interpolated as accurately as possible for each woman, 
91 the basis of well-known events in recent Yap history such as typhoons 
ын Major ceremonials, and also through comparisons of these dates 
With the years of birth of living persons which had been entered in the 

арапеѕе records, 

Before the American occupation in 1945, Yap men were much more 


- 
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likely to go overseas than the women. Тһе number, time and oii 
of such absences were therefore recorded for every male. p E 
Americans, migration has been virtually limited to the few pen E 
who have gone temporarily to Guam, Truk or Fiji for training г 
teachers, nurses, or native medical practitioners. | 

The Harvard census produced a body of demographie information за 
а non-literate Society which is relatively abundant and accurate. am 
year of birth of nearly all of the islanders born since 1914 is ere 
and even the ages of other individuals born since the beginning E s^ 
Spanish occupation in 1885 are fairly accurate because of the мэн 
correspondence of the Үареве age-grading system with chronological M ) 
In addition to the census, the physical anthropologist (Hunt, ы 
measured series of both sexes, and considerable ethnographic information 
was gathered by Schneider, Stevens and Hunt. 


HYPOTHESES CONCERNING THE DEPOPULATION 
The size of a population of organisms can be compared to the level 
of a lake, with births and immigration as the inflow, and emigration 
and deaths as the drainage. In a declining population, the losses evi 
dently exceed the gains. "The remainder of this paper deals with а series 
of factors which in some cases probably influence demographic changes 
in human societies, together with our attempts to evaluate their ішрог" 
tance in Yap. These factors include the following: 
High and disadvantageous mortality because of diseases and neglect 
Inadequate reproduction because of: 
Male absenteeism from Yap 
Malnutrition and physical deterioration 
Intestinal parasites 


Reproductive pathologies and abortions 


Pattern’ of copulation, contraception, fecundity and fertility. 


А : ? ( to 
Finally, the increase in the birth rate in recent years is related 


improvements in health, morale, and the Yapese way of life. 

DISEASES, NEGLECT AND MORTALITY IN YAP " 

The major causes of death among the Yapese are fairly typical E 

those found among Pacific islanders, and include both chronic ES 
epidemic infections. Some of the peaks in the annual rates of depoP 
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lation, as recorded in table 1, seem to be related to these epidemics. 
These rates have been calculated from the compound interest formula. 
Letting n equal the number of years between censuses, P, the terminal 
census total, and P; the initial one, we solve for r, which is the geometric 
mean rate of change per annum: 


P,— Р(1+ т)". 


For the entire interval from 1899 to 1946, the mean rate of decline 
is —2.3% per year. The rates between population totals in table 1 
vary considerably from this value. Some, but not all, of this variation 
Probably occurs because different methods of census enumeration were 
employed for different years. Without considerable errors, the data do 
not fit this or any other semilogarithmic curve. When measurements of 
Somatic growth or numerical changes in living populations fit such 
Curves, biologists are likely to assume that factors affecting these trends 
have operated uniformly through time. Such uniformity seems not to 
have been true of Yap, partly because of the episodic effects of epidemics 
9n mortality, 

For the German period (1900-1914), the intervals with the severest 
depopulation coincide with 2 known epidemics. In October, 1903, 50 
Yapese died of some kind of influenza, and from 1909 to 1911, a typhoid 
epidemic raged. Yapese informants described 3 epidemics during the 
Japanese period (1914-1945), but the exact disease in each case is uncer- 
tain, Тһе first epidemie may have been influenza in 1924, the second 
diphtheria in 1925, and the third ашеЫс dysentery in 1936. The census 
data for Yap during these years are too incomplete and indirect to show 
the effects of these later epidemics. 

For the period 1917-29, Fujii (34) presents the average annual 
numbers of births and deaths. If we assume that the depopulation at 
this time represented only the excess of deaths over births, approximate 
Average crude birth and death rates can be calculated for the year at the 
Midpoint of this interval (1923) by the compound interest formula. 

he rate of decline from 1915 to 1930 by this formula is —2.66% per 
Year, Using this rate, the 1923 population is estimated to have been 
4,667. This number serves as the basis for the average birth and death 
vates for 1917-29, From Fujii’s data alone, such rates are calculated 
9" 1930, and for 1946 to 1951 they are computed from American sources. 
. Table 2 indicates that the crude death rate was about 40 per thousand 
m the J apanese period. The range of national crude death rates for 


« 
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TABLE 2 


Yap Births, Deaths and Calculated Crude Rates, 1917-1951 


CRUDE CRUDE 

POPULATION ANNUAL LIVE BIRTH ANNUAL DEATH 

YEARS TOTAL BIRTHS RATE DEATHS RATE 
1917-29 (estimated, 1923) 4,067 67 14.4 181 38.8 
1930 3,803 59 15.3 107 43.3 
1946 2,582 70 27.1 84 32.0 
1947 2,007 82 31.4 59 22.6 
1948 2,625 00 25.9 53 20.2 
1949 2,094(1) 71 20.4 48 17.8 
1950 2,720 97 35.6 54 19.9 
1951 2,774 100 36.1 48 17.3 


1940, cited in Dublin et al. (49), is from 9.2 in New Zealand to 26.5 in 
Egypt. It is therefore evident that the Yap islanders experienced а high 
mortality under the Japanese. With such a death rate, only immigration 
or а correspondingly extreme birth rate could have arrested the depopu- 


lation. Under the American regime, however, the death rate has fallen 
by about 50%. 


acute enteritis. 
infant death rat 


Since the American occupation of Yap, infant mortality has decrease 


т both sexes. 

ers is probably pulmonary tuber- 
and Fujii found it to have bee? 
amined at necropsy. The Whidbey 
ams and skin tuberculin tests 10 


reased sharply after the age of 10. 
ет, oceurred mainly in individuals 


more than 50 years of age, and was of the adult or reinfection БУР 
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бүсээр nni suggests that at least some of the Yapese have resistance 
this v Пвевѕе, but without adequate histories of individual infections, 
njecture cannot be proven. 
end important chronic diseases of the Yapese are leprosy and 
boe ре parasites, and formerly included yaws. Over 50 Yapese have 
гс. toa leprosanium on Tinian where modern treatments are being 
эрж о them. The parasitic infestations and yaws of the Yapese will 
nsidered later. 
Mes of 196 Yapese died during the period 1946-48, so that the 
able “ep of their age-specific mortality into life tables is question- 
of the po of possible sampling fluctuations of the data. The precision 
worth EM vital statistics, however, made these computations seem 
вый b А For ages 0-5, the tables were calculated by a method 
apese inf, у Greville (43) because accurate data were available on 
of Reed : "p төлін ілу. Later ages were computed by the procedure 
tality at VM dee (39). These tables represent the pattern of mor- 
Population, ime of transition from a decreasing to an increasing 
‘Dee tables, the expectations of life at birth resemble those of 
Civilized жэл 1941-48 (Dublin et al., 49, p. 344), but unlike nearly all 
ife than оаа, in Yap the females have a shorter expectation of 
limes аз гж males, Female infants below the age of one year are three 
show dec ely to die as males, but at later ages, children of both sexes 
‘Women 2 ТЕ mortality. In the earlier childbearing years (15-24), 
ботон. ess viable than men. Such a reversal at these ages is not 
ыр, in peacetime in human groups in а poor state of health 
Shorter fo and Beal, 244). After 65 in Yap, the expectation of life is 
Ages, en females than for males, perhaps-because of neglect. At other 
uman p mortality exceeds that of females—the usual finding in both 
eings and lower animals (Hamilton, ^48). 

Phenomenon often seen in populations of Pacific islanders is their 
ap ab Sex ratio (Keesing, ^52). This imbalance has been true of 
and the nd throughout this century (Senfft, 203; Nanyo Gunto, 32), 
Such а сэн was 114 in 1948. In the absence of appreciable migration, 
Mortality tern must reflect a highly masculine sex ratio at birth, a high 
birth, Pis of females, or both. Table 4 shows the annual sex ratios of 
Cross-ch T 1946 through 1951. The first three years have been extensively 
t ecked. The last three are from government statistics and are 


ere 
fore Perhaps more likely to show under-representation of females. 


Masey 
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TABLE 3 


Abridged Life Tables for Yap Males and Females, 1946-48 


AVERAGE 
TOTAL YEARS YEARS 
NUMBER PROBABILITY NUMBER REMAINING OF LIFE 
AGE ENTERING оғ NUMBER LIVING AT TO REMAINING 
INTERVAL EACH AGE DYING DYING EACH AGE SURVIVORS ТО SURVIVORS 
m toz-4n (5 40% its. Ты Т, €, 
MALES 
0- 100,000 .0428 4,280 96,901 4,051,700 
1-4 95,720 10291 9,185 375,278 
5-9 92,035 .0181 1,682 460,010 
10-14 91,253 .0124 1,132 453,548 
15-19 90,121 .0247 9,296 445,504 
20-24 87,895 .0431 3,788 430,646 
95-99 84,107 10631 5,307 308,974 
30-34 18,800 10850 6,008 1,981,859 
35-39 72,102 1073 7,187 341,5 1,604,098 2.2: 
40-44 64,365 1813 8.451 300,909 1,262,505 19.62 
45-49 55,014 .1565 8,151 957,741 961,656 17.20 
50-54 47,103 11842 8,087 214,022 703,915 14.93 
55-59 38,476 .2180 8,388 171,214 489,893 12.73 
60-64 30,088 2573 1,042 130,792 318,679 10.59 
65-69 22,346 .3127 6,088 94,222 189,887 841 
70-74 15,538 4922 7,559 57,258 93,065 6.10 
75-79 7,199 5050 3,938 30,407* 30,407 4.67 
80- 3,861 3,861 
FEMALES 
0- 100,000 1413 14,130 88,870 4,460,886 
1-4 85,870 10210 1,803 338,044 4,279,016 
5-9 84,067 0183 1,538 416,041 4,033,072 
10-14 82,529 0134 1,106 410,380 3,017,031 
15-19 81,:23 .0484 3,941 397,975 3,206,651 
20-24 77,482 10584 4,595 376,083 2,808,676 
25-29 72,957 0532 3,881 354,934 2,432,593 
30-34 69,076 10551 3,806 335,047 2,077,659 30.08 
35-39 65,270 0654 4,269 315,881 1,741,712 26.08 
40-44 61,001 0785 4,789 293,305 1,425,831 23.37 
45-49 56,212 .0992 5,576 267,411 1,132,526 20.15 
50-54 50,636 1991 6,183 237,089 865,115 17.08 
55-50 44453 1548 6,859 905,256 627,126 1411 
60-64 37,594 11949 7,397 169,898 421,770 1122 
65-09 30,267 2654 8,033 131,936 251,872 8.32 
70-74 22,934 4772 10,610 84,872 119,936 5.39 
75-79 11,624 .8260 9,601 34,964* 34,964 3.01 
80- 2,023 2,023 


* This is «Їл, and not „Гиль. 
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jos A UAM that a high sex ratio has been recorded for Yap, 

enm. I": As shown in the life table, this initially high 

а iss норавы by high female mortality in infancy, the early 

E we жаша, and extreme old age, but is diminished by higher 
mortality at most other ages. 


TABLE 4 


Total Births and Sex Ratios at Birth, Yap, 1946-51 


YEAR TOTAL BIRTHS SEX RATIO SOURCE 
1946 70 133 
194 т 
T 82 1604 Census by the authors 
1048 60 80 
е 71 109 
їйє 97 1310 Marshall (753) 
51 100 197 


НЫ. рийн оға highly masculine sex ratio at birth and a high 

ticide, büt ын in the first year of life is suggestive of female infan- 

and are not е found no direct ethnographic evidence of this practice 

ions of нэ et convinced that it explains these findings. Our observa- 

The abru care also revealed no relative neglect of infant girls. 

occupation ыг increase in the birth rate in Yap since the Ame 
ill be discussed later. 


rican 


MALE ABSENTEEISM FROM YAP 
have had no appreciable 
ul of foreign immigrants 
ese are undoubtedly tran- 
tly emigrated to 


Temporary emi- 
ast. 


P 

ы. n a’ immigration and emigration 
NOW live a he depopulation. Only a handf 
sients, багж: the Yapese, and some of th 
alan, тей x Yapese of both sexes have permanen 
Bration of T the Marianas, Ponape and even Japan. 
ost of thes en from Yap, however, has been very prevalent in the p 

e men worked in the few commercially profitable German от 


аРрапез Н 

кы ae aie in Micronesia, especially the phosphate mines at 

i in the Palaus. These mines attracted laborers from many 
ns were good, and 


leroneg; 9 
bua ros islands. The wages and working conditio 
ther ajority of the able-bodied Yap men gladly volunteered to work 
Ome stayed abroad for many years, and repeatedly returned to 


eir 5 
Jobs after brief visits home. 
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Routine questions on the census schedules ascertained the number 
of trips abroad and the duration of each stay for every Yap male. А 
study was made of the men over 30 years of age by dividing them into 
those who had been abroad less than 5 years, and those who were away 
for 5 years or longer. Determinations of the average number of recog- 
nized progeny were then made, and a critical ratio caleulated to test 
the significance of the difference observed. These findings are presented 
in table 5. 

TABLE 5 


Duration of Male Absenteeism from Yap and Number of Recognized Progeny 


DURATION OF ABSENCE М NUMBER OF RECOGNIZED PROGENY С. R. n 


Mean 5.8. 
0-4.9 years 332 19 + 02 
5.0 or more years 237 2.2 + 0.2 11 027 


Contrary to expectation, the men with the longer absences had & 
slightly larger number of recognized offspring, but this difference is not 
statistically significant. This test indicates that long absenteeism per a 
did not decrease the prolificacy of Yap men, probably because thet 
employment abroad was typically discontinuous, with trips home often 
enough to sire some, at least, of the children considered by the com- 
munity as being their own. 


MALNUTRITION, PHYSICAL DETERIORATION, AND REPRODUCTION 

An indirect but illuminafing study of the reproductive potentials of 
the Yap islanders lies in their growth, diet, and body structure. In эв 
past, а few physical anthropologists have dealt with these factors oe 
evaluating the stability, florescence and deterioration of human societie® 
and cultures. Hooton (30), for example, found that the Indian? х 
Ресоз Pueblo, New Mexico, in successive generations showed facia 
shortening and enlarged occipital tori during their depopulation ? = 
the Spanish conquest. Angel (^44, 747) found that a better diet, rel? 
tively long life span, freedom from dental caries, and population increas”? 
accompanied the high points of cultural cereali ый in the history E 
Men Correspondingly, the life span and population total decreast - 
ав 2... deterioration set in, before the collapse цан 
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Price (739) investigated the malnutrition and physical deterioration 
of many formerly isolated human groups during their assimilation into 
the modern. world economy. Не found that this assimilation often 
involved an abandonment of the traditional local foods and the sub- 
stitution of refined foreign products such as biscuits and sugar. The 
effects of such dietary innovations have been monotonously similar on 
human beings in much of the world, regardless of race, and include 
rampant dental caries, skeletal and facial malformations, difficult child- 
bearing, and perhaps even reduced fertility. 

The evidence for physical deterioration as a part of the recent history 
of Yap might ideally have been studied by comparing early Yapese 
Skeletal remains with the findings on the living population. Since it 
Was impracticable to collect such remains from the village cemeteries, 
other sources of data were used instead. These sources included a series 
hi aboriginal skulls from Guam, dating from just before or during the 
Spanish conquest in the 17th century, successive anthropometric samples 
me living Yapese adults dating from 1876 to 1948, and dental com- 
Parisons of the Yapese with other Расійе islanders. 

Tf physical deterioration is related to a poor diet, the foods of Yap 
dad Consideration. Actually, the Yapese have been slow to к 
а те foods. Тһе islands support an abundance of edible plants which 
Medea, threatened except by occasional iyphoons. These us 
at] Y damage the plants, but seldom kill them. In recent generations, 

zm по serious famines have contributed to the depopulation. 

Cro ныг most other Расе islanders, the Yapese chiefly live ұй = 
he. fruits, fish and shellfish. "The nutritional adequacy 0 ке 
A gp 18 uncertain, and may be highly variable from place to place. 
^ "я (46) regards such diets in Micronesia as seriously deficient = 
ea me calcium, iron, ascorbic acid, the B-complex vm nh es 
Simi] °S. On the other hand, Price (739) praises highly the quite 
АТ aboriginal diets of Melanesia and Polynesia. 

an эн Most illuminating study of such diets is that of Hipsley гэ» 
villages (53) in 4 New Guinea villages. The genios of hose 
ease Probably have lower nutritive requirements than do meric n: 

i of their smaller bodies, tropical environment, less active mo 
а Че, and the reduced specific dynamie action of their strongly Ea 
Са, mee Hipsley and Langley believe that these papi йш e 

°S, even though they generally do not become obese in middle а 
consume enough thiamin and ascorbic acid, but their protein an 
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calcium intakes are not so easy to evaluate. "The nutritive value of 
vegetable protein is uncertain, but a genuine deficiency seems to occur mM 
these dietaries. Calcium intake averages less than half of that specified 
in the standards for the United States calculated by the National 
Research Council, but in three villages with plentiful sunlight, very 
little rickets could be found in wrist rocntgenograms of infants Jess than 
two years old. 

In the absence of such data on the diet of the Yapese, we § 
consider their gross physical state in its comparative, historical and 
developmental aspects, especially as related to their nutriture. 

Our best evidence on the gross physical state of Micronesians in past 
centuries comes from old skeletal remains from Guam. Prior to the 
Spanish conquest, the Guamanians lived much as the Yapese do today; 
except that the Guamanian diet included somewhat more rice and 8027 
weed. Since the dentition is an important indicator of nutritional status 
а study by Leigh (29) on the teeth of 106 old skulls from Guam gives 
us a valuable standard for evaluating modern Yap teeth. . 

Most of these skulls had an edge-to-edge occlusion of the inc! 
although Leigh does not cite statistics, and only 1596 showed any te 
out of line in the dental arches. The teeth were often discolored from 
betel chewing, but caries occurred in only 19 skulls, of which 11 са 
senile lesions of the cementum. Many molars had faults and ap 
where the cusps coalesced. In Guamanians who had died past the 25 
of 30, teeth were often lost, especially in females, and the appare? 
reason for these losses was periodontoclasia. 


hall 


sors, 
eth 


TABLE 6 
Inecisor Occlusions and Crowding in Yap Adults 
> TEETE 
EDGE SLIGHT PRO- CROWDING OF ыг”? 
UNDER- TO OVER- NOUNCED ounce? 

SEX AGES М BITS EDGE BITE OvERBITE ABSENT SLIGHT М 
1.3 
Male 20-49 343 20 452 432 ов 427 460 ^ 
Female 18-49 129 3.1 43.4 40.3 13.2 61.5 28.5 2 


_ In most respects, the dentitions of the living Yapese 410 m" 
similar. Table 6 illustrates the incisor occlusions in a series 9 eds? 
No significant sex difference was found, and although the edge? jet 
bite is the commonest condition, it seems to be somewhat less pet? 
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2 med Гаре чү | WE, . Crowding is also somewhat 
sss verias Ч than in Guam. In Yap, it occurred mainly in the 
2 аана 8 трият such that a "ii зав were slightly rotated 
“pronounced ^^ crowding all ic fe pue ie od мэ. КА 
Were considerably dis йай NEN : uo n решоа 
front tecth veo ttt ар асе or rotated, and Ж many сазез, the upper 
унааг 8-2 id ise out of alignment. These cases, however, were 
Эн eds, aon = em as one routinely sees in an orthodontie clinic, 
uo? белің bs = raj ipie by gross asymmetries of the nasal septum 
than the а ор. The women showed significantly less crowding 
except in the © pronounced ” category. 
Ness of their similar habit of betel chewing, the Guamanians 
evidence coii exhibited brownish, discolored teeth. There is no 
that the 42 that this habit causes dental caries. Table 7 indicates 
Women, pines ap men have slightly more decayed teeth than the 
foods by шан үс erence шау stem from the consumption of foreign 
пн E men during their periods of work Б foreign 
Women ме : ret rer abroad or in Yap itself. In the older Yapese, the 
resistant in лн caries. In general, the teeth of these people are fairly 
tuamaniar | ecay, but may be more carious than those of the ancient 
18. 


TABLE 7 


Percentages of Carious Teeth in Yap Adults 


AGES N % CARIOUS N % CARIOUS 
Males Teeth Females Teeth 
15-19 38 2.48 25 2.09 
20-24 74 eno ^ 23 0.73 
25-29 82 1.88 33 2.05 
30-34 83 2.00 19 27 
35-39 67 1.33 21 1.59 
40-44 95 9,08 19 2.92 
45-40 14 1.58 9 2.34 


s in Yap can be seen 


Oth . | 
er evidence on the low incidence of carie 
tigators who studied 


Int Ч 
бе a її which data are combined from two inves à ыг 
out + е ase in Micronesian school children. Kuwahara (41) Hine 
rtm incidence of caries in Palau, Truk, Ponape and Jaluit, 81 
ann (747) studied two groups on Yap. Hartmann's two 861168 
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included а group of Yap native children, and also a sample of highly 
acculturated Chamorro children who lived at that time in Colonia, Yap. 
The diets of these two groups differed mainly in that the Chamorros 
ate more bread and rice. Тһе statisties from all these groups show that 
the Yapese native children were the most caries-resistant of any. The 
lack of relationship between betel chewing and caries in these children 
can be seen in the fact that outside of the Chamorros and Yapese, only 
the Palauans chew betel. 


TABLE 8 


Percentages of Carious Teeth in Micronesian School Children 


Kuwahara (741) Hartmann (747) 

Ponape 57.07 Chamorros (Colonia, Yap) 10.28 
Jaluit 42.83 Yapese = 
Palau 38.57 

Truk 13.16 


Table 9 shows that the loss of teeth in Yap is not unlike that of the 
prehistoric Guamanians, and sets in during the middle thirties. 
similar rate of loss has also been found in three New Guinea village 
on substantially aboriginal diets (Sinclair et al., 53). In the Yapeso 
the standard deviations of the 4 e afte 


numbers of remaining teeth increas 
the thirties, since ers 2 


some individuals lose teeth faster than oth 


middle age. During this period of loss, the teeth become non-"i^" 
TABLE 9 
Mean Number of Teeth Present in Yap Adults 
AGES N NUMBER OF TEETH N NUMBER ог TEETH 
шы 5 28.6 13 25 28.7 a 
2. № 30.1 17 23 29.9 ы 
5% Зэс 14 33 311 12 
о з 15 19 30.8 19 
5-39 67 30.4 43 21 30.0 ал. 
= 25 26.9 8.2 12 28.6 6.0 
ma № 2601 вә 9 284 1 
0-54 8 22.3 11.6 9 20.4 10.1 
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more and more loose, and finally drop out. Elderly Yap informants 
said that the actual loss of a tooth was seldom painful. These symptoms 
ате probably indicative of periodontoclasia. The possible relationship 
of betel chewing to this loss of teeth is unknown. 

The emergence of the third molar teeth in Yap males, as shown in 
table 9 and in other data as well, tends to be late. In a series of Harvard 
undergraduates whose ages at third molar emergence have kindly been 
Supplied by Dr. Clark W. Heath, of the Harvard Study of Adult Develop- 
Ment, the median age of emergence was about 20 years. In Yap males 
it was 22. These teeth are slightly less apt to emerge in Yap females 
than in males and, as a result, up to the age of 39, the women have 
en Visible teeth than the men, After this age, the males lose teeth 
oar than the females, unlike these rates in the Guamanian crania cited 
есы, In Yap, the years of laetation and pregnancy are not а en 
^ oe lose teeth faster than men. In the much more carious teeth 
the а People of Puerto Rico, however, Thieme (758) found that ые 
Der Bes of 20 and 45 years, the women lost an average of 0.58 teeth 

Year, while the men lost only 0.29. 


TABLE 10 


Successive Anthropometric Series of Yap Adults 


HEAD HEAD 


AU DATE OF STATURE STATURE NOSE 
Titon MEASUREMENTS N RANGE MEAN BREADTH LENGTH BREADTH 
Males 
Tiklucho Е _ 
“Maclay 1876 30 150-1600 --- — — 
атас iin 7 164 41 188 146 
зе 1915 8 159-171 . 164 — 191 150 
гай 1927 44 ==—== |400 42 189 146 
Е : 1939 189 102 44 189 148 
а 1948 347 140-178 161 42 189 150 
Females 
к 8 22 
“eho-Maclay 1876 11 136-158 — — x 
Hun 1939 Ж —— 1% 39 179 а 
: 1948 143 135-164 150 87 179 1 


Ин 1876 to 1948, 6 investigators have measured e pm 
Sug, Adults, and their findings are presented in table хой pot қалб жен 
tee any recent systematic shrinkage in Yapese bodily л jh. 

Might argue that this trend was indicative of deteriorating nuire. 
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No such decrease was found. In spite of the smallness of some of these 
samples, table 10 indicates that ihe Yapese today are much the same 
size as their ancestors were more than 70 years ago. This metrical 
stability is quite unlike the increase in stature during recent generations 
in many civilized populations (Bowles, 792), and seems to be only one 
of a great many manifestations of dietary and cultural conservatism 
still prevalent in Yap. 

Alpert (746) found a number of characteristics in many Micronesians 
which he attributed to dietary deficiencies. Пе did not examine any 
Yapese for these signs, however. Included in his list were vascularity 
and thickness of the conjunctiva, redness of the tongue with a fissuring 
of the surface, atrophy and fusion of the filiform papillae, and hype? 
trophy of the fungiform рарШае. А few Micronesians showed an actu 
edema of the tongue. Alpert believed that these symptoms resulted 
from deficiencies of the В vitamins, especially niacin. А prevalent reces- 
sion and hypertrophy of the gums he attributed to a deficiency of ascorbic 
acid. 

In the medical survey conducted by the Whidbey, McNair et al. (749) 
observed conjunctivitis in about 10% of the Yapese. Other gross nutri- 
tional deficiencies were not apparent, and these authors think that only 
subclinical cases exist in Yap. 

с survey 
Jeeding 


Examinations by Паш during the Harvard anthropometri 
revealed many cases of fissuring of the tongue. Sloughing and b а 
of the gingival and oral mucosa also appeared, but in each case : 
islander said that he had accidentally burned his mouth from a 
too much lime in his betel quid. This betel irritation makes the ident! 4 
cation of avitaminoses uncertain. Since the Yapese eat numeron 
oranges and pineapples from their own islands, it is not too likely the 
they are deficient in ascorbic acid. 


Alpert also mentions the slow maturation of the Micronesians " 
evidence of their inadequate diet. Children in Yap certainly 98 ake 
less rapidly than recent series of American children. For 1948, ын 
median age о! menarche in Yap girls was determined from the num Я 
of individuals at each age from 10 to 17 years who had or had not enter? 
the postmenarcheal age grade, as noted in the census. This median = 
was 14.3 years, which is a year ог more older than mean menart’, 7 
ages found in most recent American growth studies (Stuart, jr 
Smoothed mean statures for adults at different ages indicate that 24 
adult stature 15 reached at about 26-97 years in Yap men, and 97 
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years in w қ Ч 
than ае а m full stature is reached some 2 years later 
тк mi rites (Randall, ^49), as is the emergence of their 
"Phe неон оллоо 
нэг өсте ot this slow maturation is difficult. 
dom the 42. that diets deficient in protein іп New Guinea slow 
humid төрені ^n the people there. Mills (42) believes that hot and 
рве Beat теми retard human growth. Craig and Faust (48) 
mature slowly. ^w i severe infestations of intestinal parasites 
Childbearine г ben all of these explanations may apply to Yap. 
even after Pic dieu Sad 38 usually easy, and puerperal sepsis 18 rare, 
s by island midwives (MeNair et al, 49). After 
y walk off, carrying 


Hipsley and 


bei 
Пе 1 3 
E delivered. i 
her ed in the hospital, a Yap wome Е 
r newborn child pital, а Yap woman ша 
In g : 
general, the calori : 7 
but they a the calorie nutriture of Yapese adults seems adequate, 
obesity in кш; the growing list of Pacific island peoples in whom 
and Brožek eu e ын has been observed to be rare (Keesing, 252; Keys 
бек 758: Hi sley 4 E 
; sley a angley, 7 
ТЫ ates. (іс р d nd Langley, 93). 
malnutrition » TAS preceding data do not indieate any 
4 Ї ns . . н B 
8roup with he Yap. Depopulation can evidently occur 1 
e or no concomitant physical deterioration. 


obvious or severe 
n a human 


INTESTINAL PARASITES 


Anotl 
her р ы Ж x 
phenomenon of possible relevance to the depopulation 18 


Svea a 
14 "ps enm E intestinal parasites in the Yapese. Fujii (234) 
98.996 of a large Yap series harbored the nematode Tricho- 
| уот hookworm (aneylostomiasis) 33.2% Ascaris 
nPublished oy and 3.29 the pinworm Enterobius (Oxyuris). Ав 
Showed that sendy by a medical officer 6n Yap, Dr. E. С. Cowart, 
9E these : 97% of a sizeable sample of Yapese harbored at least two 
сеть Morpa of parasites in 1948. When the American medical 
d to eradicate these infestations by treatments with hexyl- 


le 
four 


Sey қ Й 
ongy из, 50.3% had 
lu 6 ac 


Tesoyo; 
«ОШО! ervgtor 
fected oe practically all of a group of Yapese became те- 
a few weeks, These infestations probably result from 
and sitting 


walking barefoot 
ng unboiled water. 

294 Yapese revealed 
lus and Ancylo- 
tudies, 


Арева Ї 
habit ИР 
1 Polluted pleas in the bush, 


Th i а, eating raw food and 
Ї e Whigno g raw food anc 
hag !idbey survey of stool specimens from 1. 
Trichostrongy 
s in the Japanese 8 


Or 
drinkir 


© show Р 
an ere йн ed parasitie infestations. 
d other ty e commonest species found, à 

е T + 
рез were only sporadically present. 
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The possible relevance of these infestations to the depopulation may 
be inferred from data in textbooks of parasitology such аз Craig and 
Faust (45). Evidently Ancylostoma and Enterobius are both known 
to impair human reproduction. In some cases, Ancylostoma шау Aa 
impotence in men and stillbirths in women. Enterobius may even infes 
the female genital tract and enter the abdominal cavity by way of the 
uterine tubes. | 

Although intestinal parasites may have slightly depressed the birth 
rate in Yap, it is also true that seriously infested peoples such as the 
Javanese and Egyptians are among the most rapidly increasing popu- 
lations in the world. 


REPRODUCTIVE PATHOLOGIES AND ABORTIONS 


Тһе most intensive survey of the diseases of the genitals in Yapese 
of both sexes was carried out by Fujii (34). American physicians 80 
far have had more limited experience with this problem. For example; 
members of the Whidbey survey made urogenital examinations of the 
men only (McNair et al., 49). | 

Both surveys found practically no syphilis in Yap. Fujii seldom 
saw indurated chaneres, and McNair et al. (^49) report that “ no qe 
of primary chanere was found, nor were secondary skin manifestations 
found among the men or women." Fujii states that chancroids 87 
also rare. 

In spite of the considerable experience of many physicians in Е 
the incidence of gonorrhea is still in doubt, and we do not know whethe 
it has changed during the American occupation. Fujii (234) thous 
that this disease was the chief cause of the former low birth rate; "s 
attempted to discover its incidence by both clinical and microscop! 
examinations of thousands of Yapese of both sexes. In 1,102 мотает, 
42.8% had gonorrheal vaginitis and endometritis, and Fujii susP°¢ y 
that inflammations of the tubes and ovaries were also pre"? v 
American physicians have often seen mucus blocks, cervicitis, v 
yellow exudate from the vagina in Yap women. Fujii also states 
in 1,252 Yap males aged 8 to 60, 46.8% showed epididymitis, prost 
or urethritis, but gonorrhea was positively diagnosed in only 24.8 M 
this entire male group. In all, Fujii believed that 784 Yapese of bo 
sexes whom he examined were infected with gonorrhea. He treate f 


of these cases, 72 of whom were women. Subsequent to therapy» 1 
these women became pregnant for the first time. 


atitis 
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In September, 1945, the United States Navy occupied Yap. Monthly 
reports sent from Yap to the Department of the Navy indicate that а 
dispensary was set up, and in January, 1946, 754 adult islanders were 
treated with arsenicals for yaws. An unspecified number of children 
were given 400,000 units of penicillin apiece for this disease. In 
February, 1946, 629 cases of yaws were treated. This program of mass 
therapy was so successful that only a few individuals needed further 
treatment. At the time of the Whidbey survey in 1948, no active “ rasp- 
berry-like ” lesions of yaws were seen, although both * tissue-paper-like ” 
and keloid scars of former yaws were quite prevalent. 

In startling contrast to the evidence of Fujii, the Whidbey survey 
of diseases of the male genitalia disclosed only 4 men with сопососсіс 
urethritis, and one with nonspecific urethritis. We are still ignorant of 
whether old chronic gonorrhea in a form unrecognized by the American 
physicians is actually still widespread in Yap, or whether the mass treat- 
ment of yaws has somehow reduced the incidence of genital pathologies 
in the Yapese. 

Before the American regime, Yap women used spongy wads of plant 
fibers to absorb the menses. ‘These wads were sometimes kept in the 
vaginal canal. More recently, the women have begun to buy American 
Sanitary napkins, and this practice may have alleviated some of their 
vaginitis, 

. According to Schwidetzky (750), 
M various human groups who have ever 
about 75 to 95%. The converse percentages of infertile 
Would be 5 to 25%. Since nearly all mature Yap women à 1 
Marital experience, data on their infertility are worth comparing with 

уз, ММ (94) 


tl 
fonn nag, Within the age tange МЮ м nant 
3 that 30.8% of 622 women claimed never to have been preg j 
this incidence from 424 such women in our census was sia. 
In the 1,417 Yap births recorded from 101 to 1989 5 Faje Mr 
the В ended in miscarriage or stillbirth. For 1,622 pe qi ean 
ate Ше women in our census, this incidence was 5.2%. к а icki 
ay 107 Fiji in 1890 and 1891 were 5.22% and СОР нийн 
пер 00 for rural * colored " people in the U. 8. нарийг 49). 
ар rom 1922 to 1936, this rate was 6.3770 (дно 52 е roductive 
Was erefore resembles these other unhealthy groups " comparisons 
те н since stillbirth rates are notoriously inaccurate, 


the percentages of married women 
borne children range from 
married women 
have had some 
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If a Yap woman does become pregnant. she will not always carry her 
child voluntarily until term. She may deliberately induce an abortion 
by expedients such as drinking concentrated salt water and lacerating 
the cervix with а wad of leaves. Although an effort was made in our 
census to account for every pregnancy of every living Yap female, these 
women knew that both foreigners and Yap men disapprove of deliberate 
abortions. Some of the women who falsely reported no pregnancies to 
both Fujii and ourselves may actually have become sterile because of 
this practice, or at least afilicted with cervieitis. Ав in most other 
statistics on stillbirths, concealment of deliberate abortions probably 
introduces an unknown amount of error into the stillbirth rates for Yap 
of both Fujii and ourselves. 

We believe that pathologies of the genitalia in Yap—whether venereal 
disease or not—considerably depressed the crude birth rate before 1946. 
Improvements in these conditions may have occurred since then, but are 


probably not the only reasons why the crude birth rate has recently 
doubled. 


COPULATION, CONTRACEPTION AND FERTILITY 


Several additional factors seem to have limited the numbers and 
survival of the progeny produced by Yap parents. А brief account of 
the individual life cycle and sexual activities of the Yap people will 
highlight some of these reproductive limitations. 

The Yap child typically passes from a secure and well-fed infancy 
into a long period when he is virtually free from responsibility. Adoles- 
cents of both sexes are not encouraged to do serious work, and soon 
embark on premarital, somewhat secret, love affairs. Love trysting D 
Yap includes witty conversation, romantic songs, betel sharing, gift 
exchanges, and the drinking of fermented coconut sap (toddy). These 
encounters usually take place out of doors, in secluded parts of the 
village. The partners often engage in prolonged embraces and slow 
friction of the penis and clitoris, during which the male ejaculation 
occurs within or outside of the vagina. А married man is unwilling to 
perform this act with his wife for fear of causing her to insist 0n it 
too often, thereby making him too debilitated to work. Ordinary sexual 
intercourse, however, is indulged in by both unwed and married couples: 

In late adolescence and younger adult years, couples will usually live 
together openly in marriage, generally in patrilocal residence but in 2 
separate dwelling. These unions are not necessarily permanent, espe" 
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cially if the wife produces no children. Тһе married partners typically 


show little overt affection for each other. Instead, both may engage in 
Yap adults usually go through 


surreptitious extramarital sexual affairs. 
or no social pressure 


more than one such temporary marriage, and little 
is customarily exerted on couples to stay married unless children are 
born. Such tentative matings usually take place before the age of 30 
years, when the partners are not yet expected to have acquired the 
responsible habits of maturity. 

Until recently, extramarital copulation for the young men also took 
Young female entertainers were kept there 


place in their club houses. 
rs of the club members, and 


as honored and respected sexual partne 
played a role comparable to that of Japanese geisha. 

The aboriginal Yap islanders were among the many Oceanie peoples 
Who apparently believed that sexual intercourse does not cause pregnancy, 
and that children result only from the intervention of supernatural 
beings. This opinion is still expressed by some Yapese, but does not 
lead to unrestrained copulation at апу time or place. Coitus is theo- 


retically forbidden when а man is fishing or constructing a canoe, а 


house or a road. If he becomes an important religious specialist, he is 
Continence is also enjoined on 


expected to remain continent for life. 

Participants in sea voyages, ceremonials, and mourning for the dead. 
A woman should not copulate during menstruation, pregnancy, nor from 
her confinement until her offspring can walk and speak. 

A small survey of the recall of recent sexual intercourse Was carried 
out, using 16 adult informants from Rumung, ап jsolated island at the 
Northern tip of Yap. This survey showed considerable awareness of 
Many of these coital restrictions. It was made at a time when most of 
the men were harvesting trochus shells from the sea, and were therefore 
Under the temporary ban on coitus which is connected with fishing. 
Although the coital frequencies revealed in this survey шау be lower 
than usual, only 4 of the 16 informants admitted to copulation within 
the previous 10-15 days. 

In considering this evidence, it is noteworthy that most samples of 
Tales in the U. S. aged 16-40 years admit to an average coital frequency 
of at least once а week (Kinsey et al. 248). The frequency reported by 
the Yapese is evidently much lower, but may be unrepresentatively so 
because of the trochus season, the small sample, or the islanders’ own 
attitudes toward sexual intercourse. The usual jibe at a man who is 
Weak or unwilling to work is that he has been copulating * too much.” 
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Many Yap men said that * too much ” copulation made them incapaci- 
tated or ill. Coital excesses and violations of other prohibitions against 
sexual indulgences lead to the death of the transgressor in шиний Ч ар 
folk tales, generally from fish bites or supernatural vengeance. Too 
much ” intercourse is defined as something over two or three copulations 
per month. This sentiment against “frequent” coitus makes it quite 
possible that the informants in our survey minimized their erotic ханан. 
tions out of a reluctance to admit that they had copulated * too much. 
When unmarried couples produce orgasms by friction of the penis 
and clitoris, this activity may reduce the likelihood of conception. Other, 
more deliberate, contraceptive techniques are known but seldom used, 
whether coitus interruptus, condoms, mechanical obstruction of the 
cervix, or douches of concentrated salt water after copulation. These 
measures seem to have been unimportant faetors in the depopulation. 
Recent evidence (Farris, 750) indieates that a woman usually tends 
to ovulate at about the middle of her monthly cycle, and is probably 
capable of conception for several hours afterwards. Тһе timing of 
coitus within this cycle is therefore a significant aspect of human 
reproduction. In Yap, a woman is expected to remain continent during 
menstruation, when she is secluded in a menstrual area. During the 


rest of her cycle, however, the Yap people express no particular prefer- 
ence for the time of copulation. 


During the Japanese regime, several Yap informants stated that 
Japanese physicians gave them lectures on how to have more children. 
These instructions were that couples should have intercourse during the 
week just before or just after menstruation. This plan was probably 
based on the obsolete and erroneous premise that ovulation and con- 
ception are most likely to occur at this time. If any of the Yapese 
followed this advice, they may have been reproductively frustrated. 
Тһе degree of conformity to this plan in Yap, however, seems not to 
have been strict. In our opinion, it was not a major depressant of the 
birth rate during the Japanese period. 


Recent studies of the fertility of American Whites (Farris, 50) do 
not suggest any 


simple relationship between coital frequencies and con- 
ception rates in human populations. Farris found that the number of 
spermatozoa in an average ejaculation of semen is maximal if the donor 
has not ejaculated during the previous 5 days. 
of continence decreases below 
at three days or less, 


As the preceding interval 
5 days, the sperm count decreases, unti 
а man with an average output of spermatozo? 
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generally produces too few of them at a coital orgasm to be likely to 
impregnate his partner. On the average, a woman should therefore be 
most likely to conceive at a given copulation if her partner has not ejacu- 
lated during the preceding 4 days or more. 

. Extrapolating these findings to the fertility of human populations, it 
is likely that with intervals between copulations conforming to a normal 
curve, two societies might have identical conception rates where one 
group copulated at a mean interval of much less than 5 days, while the 
Other's interval was considerably longer. 

In Yap, if the low coital rate also reflects a low total frequency of 
male ejaculations, most men at coitus would produce a maximum 
number of spermatozoa. The sexual license of the younger Yapese 
might also allow an unusually fecund man to impregnate more than 
one woman. Other features of these same coital patterns, however, may 
depress fertility in Yap. Тһе spread of venereal diseases through Уарезе 
promiseuity is an unproved but possible depressant. "Тһе instability of 
marriages of childless women is another. According to Pearl (740), а 
Woman is apt to be most fertile late in her teens or soon afterward. 
At these ages, many Yap women circulate from one husband to the 
next, and their coital experiences may therefore be episodic and irregular. 

Still another limitation on the number of children in Yap stems 
from the reluctance of many women to have large families. A mother’s 
d cooking are considerably increased when her 
older children come to belong to more than one age grade. These 
burdens arise because each grade must be fed with rations from its own 
Separate garden, as a part of the emphasis on rank, social distance, and 
Separation of the sexes in Yap. Many woman therefore openly state 
that they hope to have only a few children- in order to save themselves 


from too much work. 


burdens of gardening an 


THE RECENT INCREASE IN THE YAP POPULATICN 

all probably never know whether the Yapese were 
Potentially capable of a high birth rate during the depopulation. 
Judging from their diseases and high mortality, their burden of ill- 
health must have been heavy. Since the American occupation, yaws 
have largely disappeared, and mortality has greatly decreased. When 
Such improvements occur very rapidly in a human group, increased 
fertility might reasonably be expected, even though its causes are not 


well understood. 


In retrospect, we sh 
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Although space does not permit a full treatment of recent demo- 
graphic statistics or forecasts for Yap, the gross reproduetion rate for 
1946-48 was 1.593, and the net reproduction rate was 1.135. The net 
rate falls below the gross rate by 28.8%, and this deficit indicates the 
persistence of a high mortality among young females, as previously 
shown in the life tables. Тһе true rate of natural increase (г) per year 
is 4.19 per thousand. In an approximate generation (26.69 years), if 
age-specific fertility and mortality remained at the levels of 1946-48, the 
breeding population of females would increase by 13.5%. Since 1948, 
however, the erude birth rate has continued to rise, and mortality has 
still further diminished. In 1946-48, an average of 32 females were 
born per year. In 1949-51, however, the average was 41 girls born per 
year, so that by now the female Yapese are increasing still more rapidly 
than before. Тһе highly masculine sex ratio at birth, and relatively 


low male mortality, make the increase of males still more probable and 
rapid in the next generation. 


From the Spanish period until 1948, a small community of Cha- 
morros from the Marianas lived on Yap near Colonia. This group has 


since been resettled on Tinian. In 1946, they had а erude birth rate of 
about 30 per thousand, and were probably quite prolific during the 
Japanese period as well. 'The Yapese living near them have slightly 
straighter hair than the inhabitants of more remote parts of the islands, 
Which suggests some Chamorro admixture, but practically no Yap 
children in 1948 showed evidence of mixture with Japanese or Whites. 
Furthermore, the Yap birth rate in 1951 was still high, long after the 
Chamorros had left. We therefore attribute substantially all of the 
recent increase in the Yapese birth rate to their own sexual activities. 
As the control of diseasó in Yap has improved, several social and 
cultural changes have also helped to enhance the fertility of the islanders: 
One such change is that few young men are now working outside of their 
home villages, either in Col 


onia or abroad. Instead, they are at home 
enough so that they probably have more uni : 


nterrupted sexual access 10 
Young Yap women than in the past. 4 


- a н was current among the Yapese in 1948 that a secret meeting 
These. а held by the chiefs апа religious leaders in 1946. 
men supposedly decided that most of the former taboos on coitus 


should be discontinued Even a i urvey 11 
dS t i i 
р the time of our софа] s 


sexual abstinence. Were still invoked as explanations for alleg® 
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Тһе Yapese are now unquestionably undergoing considerable accul- 
turation toward the Ameriean way of life, of which this rumor is 
symptomatie. Although material objects of Japanese or American origin 
are more numerous near Colonia, the extent of acculturation in values 
and behavior is not very different in the various parts of Yap. 

Two other demographically important aspects of acculturation have 
been a relaxation of the interdining restrictions among the various age 
grades and between the sexes, and improvement in feminine hygiene. 
As more family members feel free to eat together, the domestic chores 
of a mother become easier, and her desire for children may increase. 
When a woman wants children, she may be less inclined to end her 
pregnancies by deliberate abortions. At menstruation, she is beginning 
to use sanitary napkins rather than local plants. These improvements 
probably have helped to alleviate female infertility and increase the 
birth rate. 

With a higher birth rate, an increase in marital stability can also 
be expected, since fertile couples usually stay married for life. Stable 
marriages, furthermore, should increase the likelihood of additional 
children to be born, so that the present fairly high birth rate is 
maintained. 

The future survival of the Yap people apparently depends on im- 
provements in health, sanitation and marital stability, and on main- 
taining a high morale. If these conditions deteriorate, the population 
may well resume its interrupted decline. Otherwise it may continue its 
present moderate increase. 


SUMMARY 


Over a century ago, the Micronesians*of Yap began to decrease in 
numbers. Тһе first census of this group, in 1899, showed a total of 
7,808 Yapese. In 1946, there were only 2,582. Subsequently their 
numbers have slightly increased. 

An increase in mortality, chiefly as a result of severe infectious 
diseases, probably started the decline, and even after several decades of 
foreign rule, the crude death rate was still high. From 1917 to 1930, 
the crude death rate was about 40 per thousand. Poor health conditions 
prevailed in Yap, including 5 known epidemics and widespread yaws 
and pulmonary tuberculosis. The crude birth rate for 1917-30 was only 
about 15 per thousand, so that the depopulation continued unabated. 

This low birth rate seems not to be explained by the absence of men 
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from Yap. Although most Yap men spent years as хүрээн а a 
parts of Micronesia, the men absent for more than 5 years па : siad 
recognized progeny as those away for a shorter period. 'The abs р 
made alig continuously abroad, and usually visited Yap often enoug 
to sire some, at least, of the children attributed to them. 


The low birth rate of the Yapese in the past may partially 5 
explained by some of the pathologies of their genitalia. In the pe] 
1930's, Fujii conducted medical examinations of thousands of Yapese, 
and found widespread genital infections which he regarded as gonorrhea. 
Under the American administration, mass treatments with arsenicals 
and penicillin have virtually eliminated yaws, but whether the genital 
diseases of the Yapese are less severe now than previously is unknown. 
А recent American medical inspection of the genitalia of most of the 
men revealed practically no gonorrhea, but whether old chronic infections 
were overlooked during this survey is uncertain. Another minor depres- 
sant of fertility may be the presence of intestinal parasites in. nearly 
all Yapese. 

Despite the infectious diseases of these islanders, they were and are 


otherwise well off physically. They eat few foreign foods. Caries and 
malocclusions of the teeth are rare. 


because of the tropical climate, 
subclinical protein deficiency. 
difficulties are uncommon. 


The children mature slowly, perhaps 
intestinal parasites, or even perhaps & 
Puerperal sepsis and other obstetrical 


The much reduced birth rate during the 


part have resulted from the poor health and 
but numerous cultural 


In the culture of Ya 


Japanese period may 10 
debility of the islanders, 
patterns in Yap seem to have limited fertility- 
р, rank and prestige are greatly emphasized, 50 
that men and women eat apart, and even individuals of different age 
gus also eat separate food. The inconvenience of this kind of house- 
keeping within the family leads many women to hope for only a few 
children. During the Japanese regime, the difficulty of raising ü 


family when the husband was often abroad may also have minimize 
the desire for children. At that time, pregn c 


termi : ancies may often have bee? 

€ by deliberate abortions, Menstrual hygiene was also 188117 

ary. Along with infectious diseases i PETS ditions 

seem to have contributed es in both sexes, these con 

aged 26-50 that they had never 7а 
m the arrival of the Americans, the crude birth rate has doubled 

anc ihe crude death rato halved. Health has improved, and sever? 


en pregnant. 


THE DEPOPULATION OF YAP 49 


social and cultural changes seem to have helped to raise fertility. Few 
young men are now outside of their home villages. Coital taboos are 
probably relaxing. More family members are eating together than 
previously, so that housekeeping is easier, and the mother’s desire for 
children is probably increasing. Fewer abortions and better menstrual 
hygiene may be enhancing female fertility. As more children are born, 
Marriages are becoming more stable, so that the likelihood of additional 
childbearing increases. With improved health and sanitation and a 
high morale, the population will probably continue to show a moderate 
increase. 
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THE QUESTION OF PHYSICAL SELECTION OF 
MEXICAN MIGRANTS TO THE Ц. S. A. 


BY GABRIEL WARD LASKER 
Wayne University, College of Medicine 


1 and 
N a recent comparison of the physique of Mexican epo 
sedentes, I presented data bearing on the question б ca ‘in 
migration (Lasker, '52). After their return to their at ane 
Mexico, those male emigrants who had first left when "à Y mptions 
did not differ significantly from sendentes, Under йв жаш ёт 
made in that study, it appears that environmental growth айсан 
than selective emigration are responsible for differences between к тэр" 
and emigrants who had left when still immature, At -— "m 
the physieal characteristics under study are concerned, there was ng emi- 
of physical correlates of self-selection or selection by others se JU à 
grants who had returned to Paracho, Michoacán, prior to 1948. йө 
matter of fact, in the Eeneration reaching adulthood during the гэн 1 
between the Madero revolution (1910) and-the end of World V к” 8 
(1945), the young men of Paracho normally looked forward to pe 
of temporary labor in the United States. eats; 
Such semi-permanent migration used to be typical. Over the Ус 


g. 

p : қ 685115 
however, the Opportunities for such migration have been decr 
During World W. 


ехіс0 
ат II the governments of the United States and 5 the 
agreed to a system of labor contracting and the prohibition 0 
admission of in 


5 4160) 
dividual job-seekers, As long as the war re 
however, there was ап acute labor shortage in the United States, t 
contract laborers, hired in Mexico, wer 
the dem 


e 

е insufficient in number to Ёл 

and north of the border. "There was, therefore, little pap Е 
and most Мехісап men Who wished to 50 to the United States 10" 

Were able to get а contract to do во. the 
After the war (and until January, 1954), on the other hand, 
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United States tried to enforce the poliey of limiting the number of 
braceros, laborers admitted for temporary residence, and of excluding 
non-contractual migrants. Agents of the United States Department of 
Agriculture, acting for American employers, have not only recruited but 
actively selected the contract laborers in Mexico. Numerous men in 
Paracho who wished to go to the United States have travelled to San 
Pedro Tlaquepaque, Jalisco, to be interviewed. Some received contracts 
and went to the United States but many others were rejected and 
returned home. It seemed worth while to investigate whether, in this 
changed situation, selection of migrants involves a difference in physique 
between those who migrate and those who do not. Аз these later migrants 
come from a population a sample of which had already been measured in 
Paracho in 1948, this question could be answered simply by finding out 
which of the individuals in the sample had been hired under the new 
regime for work in the United States. Ву means of a census of 
Paracho taken in September 1952 we determined that of the 297 adult 
males measured 4 years earlier, 61 had been to the United States 
Subsequent to 1948. 

eir measurements with those who had not gone 
o important differences (see table 1). 
Those who went to the United States during the years 1948-1952 had, 
оп the average, significantly broader hands, shallower chests, shorter 
The oceurrence of only 4 differences as great 
meaningful in an array of 26 


A comparison of th 
again since that year shows n 


chins, and shorter ears. 
as twice the standard error is hardly li 
measurements. Nevertheless, three of the 4 significant differences 


correspond to general tendencies which are suggested by the direction 
of the mean differences in related measurements: 1. The greater hand 
breadth in migrants is associated with some tendeney to greater general 
Size in stature, sitting height, biacromial diameter and all measurements 
on either extremity. 2. The smaller chest depth in migrants is accom- 
panied by a possible tendency toward narrower chests and toward esi 
smaller breadth and depth dimensions of the face and head and of hea 
height. 3. The smaller ear height is accompanied by a tendency toward 
smaller ear breadth and narrower nose breadth. The shorter lower face, 
however, is accompanied by @ tendency — = en 
sady clea m our previous studies tha migra , 
нэн m qr eai m Шиний States during their growing years 
M 1948, had heen T apistic ways from those who had never 
iter significantly anl ЇЇ ШИР oy (gr), Ti tet 


en or who had first gone when olde 
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TABLE 1 


Differences іп Dimensions between 1948-1952 
Migrants and Non-migrants 


и 
UN- DIFFERENCE DIFFER 
WEIGHTED WEIGHTED ENCE 
MIGRATED NOT MIGRATED DIFFER- FOR PAST WEIGHTED 
1948-1952 1948-1952 ENCE MIGRATION FORAGE 
No. Mean + s.e. No. Mean + s.e. Mean Mean шиг 
Stature 61 1038.39 7.00 299 1622.41 3.71 415.08 +519 +1024 
Sitting height 59 861.34 4.00 228 854.01 2.02 40.73 +3.17 +298 
Arm length 60 742.05 415 233 13017 902 +528 -+2.22 qu 
Radius length 60 249.80 1.08 935 248.72 080 +1.08 +0.18 +0.54 
Hand length 61 181.02 1.3 233 180.86 053 +0.16 —0.51 003 
Hand breadth 61 81.97 0.54 236 80.55 023 +1.42* +0.97 di 
Tibia length 60 371.97 2.09 234 369.79 132 +2.18 +1.28 +118 
Foot length 60 251.52 1.53 232 24916 070 +2.36 --143 өзені 
Biacromial 61 38746 214 233 383.70 194 +3.76 +129 +e 
Chest width 61 277.97 2.05 233 91000 131 —1.63  —349 +088 
Chest depth 61 22095 221 935 98057 113 —5.02* —T.15* —1.34 
Head length 01 188.08 0.82 935 18845 043  —037 --092 p 
Head breadth — 61 14610 051 235 147.02 030 —o.92 —123  —97 
Head height 0L 19711 078 235 10811 034 —1,00 —1.31 E 
Minimum frontal 6l 104.02 0.48 236 104.12 029 —0.10 —0.50 m 
АЖ 61 136.84 0.00 935 13090 0.34 —0.2 —0.54 e 
Mind 61 103.84 078 936 10470 0.37 —092  —121 er 
otal facialhgt. 61 12413 085 236 123.63 0.43 +050  —021 a 
NEC уван 60 7450 063 ' өп тала өзі Ehre —0.02 Ын 
i ан Юю 4312 035 991 4407 023 —0.95* —1.14* d 
МЫ — 41 8085 056 әш 50.68 0.26 ов + 
Interocularwidth 61 08311 029 ом 3979 0 227 у 409 
Nose height ЭГ1-4- "um 018 +0.39 +02 +04 
Nose breadth 61 4080 бах LG BAT quM cm 


Ear length 
Ear breadth 61 


236 4104 088  . 9j5 —0.23 
236 ӨЛ 038 ув * -101" 
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seemed possible that the differences between the migrants and non- 
migrants of 1948-1952 simply might be due to the fact that dispropor- 
tionately large numbers of them were drawn from certain groups of 
previous migrants. Table 2 shows that previous migrational experience 
was a significant determinant of migration during the period 1948-1952. 


TABLE 2 


Male Migrants and Non-Migrants in 1948-1952 according to the Duration of their 
Previous Migration and to the Age at which they had first gone 


MIGRATION DURING 1948-1952 


NEGATIVE POSITIVE TOTAL 

MIGRATION PRIOR ТО 1048 1 №. % №. 9 No. 

L Never 05 86 16 м ni 
E Before age 17 for 2 or more years 21 70 9 30 30 
th 17-27 for 2 or more years 51 77 15 23 66 
ТУ. 15-27 for 1 year 18 60 12 40 30 

У. 27 or over for 1 year 36 82 8 18 44 
VI. 27 or over for 2 or more years 14 93 1 7 15 
х? = 12.1 


P with 5 degrees of freedom < .05 
1 One individual born in the United States is omitted. 


"Those who had previously been to the United States when 15 to 97 years 
old and who had returned to Mexico within 18 months were dispropor- 
tionately numerous among the 1948-1952 migrants. 

For each dimension the difference between the 1948-1952 migrant 
and non-migrant series was therefore weighted. This was done by 
taking separately the difference within each class of migrational experi- 
ence, When these differences are multiplied by the proportion of 1948- 
1952 migrants in the respective subgroups, the sum is the mean difference 
Weighted for past migration. Аз an approximate measure of the signifi- 
Cance of these weighted differences one сап use the standard errors 
derived from the unweighted means. This will tend to exaggerate the 
Significance of differences, but as the hypothesis is that some of the 
differences between migrants and non-migrants may be ascribed to pre- 
Vious migrational history, the error will be in the direction of conserva- 
tim. Ag is shown in table 1, the difference in hand breadth between 
Migrants and non-migrants during 1948-1952 is no longer significant. 
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However, the difference in ear breadth becomes significant. Ав the 
subgroups which average generally larger are over-represented among 
the 1948-1952 migrants, allowance for past migrational experience 
decreases differences in which the migrants are larger and increases 
differences in which they are smaller. 

The selection for re-migration of returned migrants would be even 
more striking were it not for the fact that so small а percentage of the 
previous migrants falls in the age ranges within which labor migration 


is most frequent. Of 39 previous migrants under age 31 in 1948, 
42% migrated again, whereas of 52 sedentes of that age only 27% 
went. Of 44 previous migrants aged 21-40 in 1948, 20% migrated as 
compared with only one (3.6%) of 28 sedentes. And of 112 previous 
migrants over 41 years old in 1948, 14.3% migrated again, whereas 
only one (3.2%) of 31 sedentes in this age group migrated. 

Age is thus also an important factor in selection of migrants. Ав 
шау be seen in table 3, a higher proportion of the 1948-1952 migrants 
are drawn from the younger adults measured in 1948. 


TABLE 3 
Male Migrants and Non-Migrants during 1948-1952 according to Age in 1948 
—M— 
MIGRATION DURING 1948-1952 
AGE NEGATIVE POSITIVE TOTAL 
No % No. % AO: 
18-20 5 Ше Б 
21-30 14 10 в 30 % 
31-40: 38 61 24 39 "a 
58 19 
res Ч иш e 
= 74 — 95 4 5 18 
- те. ын 
x? = 25.0 


p with 4 degrees of freedom < 0.0001 
* One indivi i 
e individual born in the United States ін omitted. 


Many of the 
(Lasker, *53). 


the 


ye 
been weighted in a 1948 апа those who did not? Age differences ын 
analogous to the way in which P 
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Аз mav В В 
Жын P pa in table 1, the age factor accounts for the significant 
the hand ы depth, lower facial height and ear height. Only 
ige ии 1 бен remains unaccounted for by the change in 
State that the т» Those who have unsuccessfully applied for contracts 
e agents of the United States Department of Agriculture, 
19 labor-contracts, inspect their 


by 

w 

Y Whom they were interview 5 
à erviewed eoncernir 

those who seemed unaceus- 


hands. This 
отед Mea ын done, they say, to exelude 
dipped his лей 5. work. One local story tells of a shopkeeper who 
Apparent]y а Ж lime to harden them like а farmer's; the * Gringo,” 
and that the 4, eting the ruse, told him that his hands were too rough 
ofa barkeeper 4” go home and take а rest. Another anecdote tells 
ae day after ~% h was repeatedly refused a permit until he was accepted 
18 interestiy ч пай cut and scratched his hands in à fall while drunk. 
Selected for nih therefore, that greater hand breadth—which might be 
during these examinations—is the one measurement which 

er allowance is made for age- 
breadth is not significant 
Furthermore, one might 
of difference 


18 signifie 
ut, as ps4 larger in migrants even aft 
when = above, the difference in hand 
Well SERA ae | is made for past migration. 
Just by а least one measurement to show this extent 

In сопе] seii 

: т e мян is little evidence of physical selection of migrants 
Proportion 4. States even during à period when only à 
hose who want to work there are given labor con- 
e is made 


hen 
the total series is considered, от when allowance 
grated before, a few 


ndoubte ) 
oubted selection of those who have mi 
But when ihe age 


t. 
t, the mean differences 
on- 


Е migrants and n 
r age and past 
ion, ап 


tor di 
мені ie may be statistically significan 
шу, PaSured wei selected is taken into accoum 
mi hts üre imensions between this 9800р 0 
: “гай ол & adequately explained. There is 86 
bn Ustrial a probably for knowledge о 
ч 0 eth. There is also an econo 
auth тецеп] s to reach the community W^ 
je ities. ws to pay bribes to get an i! 
leg, сед Were ith adequate means to do 50, £ : 
velie or ag able to go to the United States 0n their 
of Mever consid ыы »). These factors override 1n 
а... ers b iderations of physique might ot е 
*Ption of y the United States agents that—with poss! 
hand breadth—no evidence of physical selec 


here the contract 
jterview wit 


50 
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"This conclusion is derived, however, from data concerning a single small 
community—a community peculiar in that migration to the United 
States is а common expectation of young men. Ті remains a question 
to what extent the widely held notion of physical selection of migrants 
may hold for other groups, but among at least some groups of labor 
migrants, such selection is evidently insignificant. 
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FAT PATTERNING AND FAT INTERCORRELATIONS 
IN THE ADULT MALE 


BY STANLEY MARION GARN 
Fels Research Institute, Antioch College, Yellow Springs, Ohio 


INTRODUCTION 


НЕ investigation of subcutaneous fat has at least two somewhat 
- divergent objectives. The first objective is descriptive: to estab- 
lish the patterning and changes in subeutaneous fat, differences in 
thickness throughout the body from infancy through advancing age. 
The Second objective is to determine the interrelationship among the 
different fat thicknesses measured, and the relationship between sub- 
Cutaneous fat and the total body fat. 
, Information on subeutaneous fat thickness is most abundant for 
a n, where fat-caliper measurements have been supplemented. by 
ih d tr since 1939. Data on fat thickness intercorrelations 
le m are also available for three age levels. (Reynolds 751). 
ot 16 Ж on adults, however, is more limited. With the exception 
eu at (Reynolds and Grote 748, Reynolds 748, 751, and Garn and 
old erg *52) contemporary adult data is almost entirely based on skin- 
on ex SINUS, Since the skin-fold technique 18 difficult to execute 
в areas of the body, and the x-ray method affords a more 
patior, оса гвйол of fat-thickness measurements, further data on 
“эр: and intercorrelations are to be desired especially on adults. 
иы, the purpose of this paper to provide data on the patterning of 
amo aneous fat in the adult male, and to explore the intercorrelations 
t ng the different regions. It is the further purpose of this paper 
о 5. which sections of the tela adiposa are more indicative of 
Negg at in general, and to determine the relationship between fat thick- 
and weight. 
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METHODS AND MATERIALS 


The present study is based on soft-tissue оваз qud 
healthy white males, ranging from 20-69 years of age. ith 


Fis. 1. Location of X-ray “ 
insertion section; B, lower ar 
section; E. antero- 
section (A-P view) 


Sections" described in the text: A. deltoid 
C. iliae section; D. trochanteric 
lateral view) ; F. transverse leg 


m section; 
Posterior leg section ( 


exception all were тер 


шаг participants in 
most part parents of 


the Fels study, being for the 
children enrolled i 


n the longitudinal program- 


чат ea И 


FA ATTERNIN 
AT PATTERNING AND FAT INTERCORRELATIONS 


s showing fat thicknesses mea- 
uscle diameter ; 1. deltoid 
4, iliac; 5. trochanteric; 
9. lateral leg. Sec- 


Fig, 2 
Sured Ne Ri of an X-ray serie 
insertion; is study: M. level of maximum ™ 
6. poste 5 2. lateral arm; 3. medial arm; 
tions 1 rior leg; 7. anterior leg; 8. medial leg; 

ettered as in Fig. 1. 
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АП were native born, and most were lifelong residents of Банан 
Ohio. One active but extremely obese man, weighing 307 odi 
not represented in the means, but is included in the 2 ae 

The x-rays were taken at a standardized 6 foot tube-to-fi m өн А 
at 14 milliampere seconds, with peak kilovoltages appropriate E ын 
part thickness. А total of 6 x-ray “sections” were taken o fons 
subject, as follows: A. deltoid insertion section; B. lower arm sec 1 : 
C. iliae section; D. trochanterie section; E. lateral calf view, ar 1 
Е. antero-posterior calf view. Тһе location of these sections, as We 
as the standard poses used are shown in figure 1. . 

Fat thicknesses, or more precisely the thickness of the skin plus the 
fat-containing tissue were measured directly on the x-rays, using : 
vernier сайрет with ground tips (Garn and Saalberg 753) ; i 
ments were made at right angles to the skin surface. The nine тый 
measurements included: 1. deltoid insertion fat; 2. medial arm pu 
3. lateral arm fat; 4. iliac fat; 5. trochanteric fat; 6. posterior leg dat; 
7. anterior leg fat; 8. medial leg fat; and 9. lateral leg fat. Thicknesses 
L 4 and 5 were taken in reference to fixed anatomical points. Thick- 
nesses 2 and 3, and 6 and 9 were taken at mid-arm and at the level 
of the maximum muscle diameter respectively. These measured thick- 
nesses and their location are shown in figure 2, which is a tracing of 2n 
aetual set of x-rays. | 

Two sources of error may be mentioned, magnification (angular dis- 
tortion) and tissue hydration. Since the focal film distance was constant; 
magnification is reasonably consistent within each body area considered. 
The systematic errors, therefore, do not appreciably affect the mean 


values and do not affect the intercorrelations. Errors due to tissue 
hydration were minimized both by confining the data collection to 4 
three month period (May t 


o early July, 1953), and through the use of 
air conditioning. 


FINDINGS 


As shown in table 1, the 87 men in this study averaged 176.6 ар Г 
stature, 76.4 kg in weight and 40.8 years in age. In height and weight 
they come close to reported values for men of comparable age ын 
economie status (BroZek and Keys 751, Brožek ^52). " 

Тһе thickness of the subcutaneous fat deposits measured here, varied 
from an average of 18.9 mm over the iliac crest to 9.7 mm (including 
skin) over the tibia. Тһе thickest fat layers measured were locate 
over the pelvis and at the deltoid insertion, the thinnest on the medial 
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ын T = mum. and on the anterior leg. Ranked in descending 
Posterior = a the fat sequence was iliac, deltoid, trochanteric, 
itens ыг Па ial leg. lateral leg, lateral arm, medial arm, and 
мы к! iac fat. in addition to being thickest, also showed the 
: absolute variability. 
4 s. c ы ranking given above, based on the m 
Was not “өр of the relative fat thiekness at the 9 sites measured, it 
thickest, in I sequence. In some individuals deltoid fat was the 
total НА 1615 iliae fat. Fat rankings Were closely related to ihe 
Weighing und А T8 and to total body weight. Thus, in individuals 
15 КЕ and rw 74 kg. deltoid fat exceeded other thicknesses, while at 
thickness тап e iliac fat was the thickest (table 1). This shift in 
subjects t akings was also evident in comparing younger and lighter 
o older and heavier subjects. 


ean thicknesses, pro- 


TABLE 1 


Body Size, Fat Thicknesses, and Fat Rankings 


RANKING RANKING 
FAT LIGHTER HEAVIER 
MEN! MEN? 


MEASUREMEN 

A _ хо. МЕАХ в.р. С.у. RANKING 

ge (y pone Е 

тм вт 403 na 27.2 

eight (ke) 36 1706405 49 28 

eltoid fat ( вт т04:510 91 119 

ie | 18 Pim 45 953 2 1 2 

ОАТ arm fat, s 40409 17 309 Т 7 7 

ln sg 35401 13 371 8 8 8 

ochanter вз 130-00 83 439 1 2 1 

и 32 1606-08 069 415 3 3 3 

лы 4 72203 25 347 4 4 4 

Манай ta 81 xol 0.7 259 9 9 9 

mea gy 84 no өм 88 5 5 
S int s 41408 10 39 6 0 0 


Men меш: 
len. ee between 50 and 74 kg. 
eighing between 75 and 100 kg. 


All А 
of the 9 fat thicknesses were positively and significantly inter- 


Cory 

elate : 
able 9 d, with values of г ranging from 0.33 to 0.79 as shown 10 
i ailingly linear, thus indicating 


Фар, мо regression lines were prev 
of covariance. How- 


her than у was the appropriate measure 
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Y: as shown in table 2, trochanteric fat, medial leg fat, and deltoid 
x pem exhibited higher intercorrelations with the various fat 
icknesses, than did lateral arm fat, lateral le fat i 
c 5 g and especially 
2 In order to obtain a more acceptable index of the relationship be- 
ans any one fat measurement and the remaining 8, than could be 
: 2 from the mean r, the values in table 2 were transformed into 
: 4. (the z transform of г), using table V-B in Fisher (48). The 
alues, for each thickness, were then averaged, as shown in table 3. 


TABLE 3 


Ranki 
ings of Predictive Efficiency and Relative Variability for 9 Fat Thicknesses 


VARIABILITY 


PAT THICKNESS MEAN Z! Z RANKING ажи знн 
1. қ 
2. Leltoid Insertion " 3 25.8 9 
теты 54 1 36.9 5 
4, A. шы .58 4 37.1 4 
5. "rod : .54 6 43.9 1 
6. р ehanteric 01 1 415 " 
T — ONE Leg 44 9 34.7 1 
8. от Leg 457 5 25.9 8 
9. n Leg өз 2 ЗЕЛ А 

ateral Leg 52 8 348 n 


1 Е н 
T шоо data in table 2 and table V-B in Fisher (48). 
rom table 1. 


Tb is. us 
fies gene in this table, that tronchanteric fat and medial leg fat 
ыы highly covariant with the other layers, while lateral and pos- 
1 eg fat have less in common with the other fat measurements. 
ayer г question arose as to whether the predictive efficiency of а fat 
hes related to its average thickness. Accordingly thickness rankings 
Using Qu 2) were correlated with mean Z rankings (from table 3) 
Could pearman's р formula (Edwards 249). The obtained p of 0.28 
likel not be considered significantly different from 2610. It is not 
Y, therefore, that thickness, per 56, is indicative of the degree of 


om : | 
of munality exhibited by a given fat deposit. vo the ес 
est ” predicto 


ї at | enter, as is evident in table 3. The three 
While thickness in general are widely separated in anatomical space; 
the second best and the poorest are but centimeters apart. 
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Finally, an attempt to discover a relationship iori ср 
efficiency and relative pii of = CR fat measure 
ine being 0.23. ©. 
м ak ad nin Бай нэг Шинэ and medial leg fat oma 
the highest correlations with gross weight (r = 0.71) while а ed 
ing fat measurement lag behind, just as they did in the mean 2 eed 
These correlations serve to show that fat, while not the only шинэ зүй 
of weight, accounts for much of the interpersonal variance, up | E is 
in the age group considered, and they suggest that the fat x b 
distinguished from the total body weight, may be estimated from 
chanteric or medial leg fat measurements usi 


ng the ordinary regression 
equations. 


DISCUSSION 


It is evident, from the findings reported here, that the Вал a 
the tela adiposa varies both between anatomical regions, and panel 
such regions. In the adult male, the fat deposits over the pelvic reg! е 
аге the broadest, averaging 4 times as thick as the fat on the 15. 
arm, and 6 times the thickness of the fat over the tibia. But on xà 
lower leg (to take just one anatomieal region) the fat layer is far oe 
uniform. Medial leg fat is consistently thicker than lateral leg ар: 
and the fat on the back of the leg averages more than twice as thick 
the fat on the front, And, as the total amount of fat increases, there 1 


in 
lative thickness of some of the fat layers. Thus 1 
leaner males, deltoid insertion 


in males over 75 kg in weight, 


However, some 
general covariance than others. 
correlation with weight (0.7 1) 


leg fat exhibits the least tende 


gh 
Ъ nor in fact is location. Medial leg fat ^ 
a notably good index of general fat thickness, is far from being t 
thickest deposit and is situ 


A rS 
t 7 ated in Proximity to the poorest йй эл. 
of fat in genera]. At present, therefore, no general rule for prede 
mining the most Tepresentative fat deposit can be formulated. 
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Comparing the intercorrelations obtained here, with others given in 
the literature, the values appear to be reasonably similar. Of the three 
age groups investigated by Reynolds (751) the intercorrelations obtained 
оп these 87 adult males are comparable to his 7 and 11 year olds, but 
ев lower than those for his 15 year old boys. While BroZek and Keys 
(51) measured different fat thicknesses and used a different technique 
(skin-folds) it is interesting to see that their intercorrelations were of 
the same magnitude for males of comparable age, but markedly higher 
for younger males (mean age 21). There is a suggestion, therefore, 
that subcutaneous fat varies as a unit near the time of peak androgen 
Production, while at other ages local autonomies exert a greater influence. 

From the standpoint of nutritional anthropometry, it would seem 
that the simple bitrochanteric diameter, taken as a * contact " measure- 
Ment might satisfactorily meter fluctuations in body fat. Trochanteric 
ee it is seen, correlates well with gross weight, it intercorrelates well 
With other fat thicknesses, and the total range of thickness is large. At 
the same time since the traditional bi-iliae measurement includes an 
ee of 4em of fat in this age group, one would hesitate to accept 

4s an approximation to the true skeletal dimension. 
is t 2 single fat measurement, as determined from soft-tissue X-rays, 
ob lesired for nutritional or physiological research, preference would 
ia viously be extended to trochanterie fat or to medial leg fat. Both are 
Presentative of fat in general, and both vary directly with weight. 
ee the antero-posterior leg view is the simpler, and the least 
iene to the subject. Brožek, it may be recalled, doubted the 
des the calf section, writing that 7 biologically it seems to be 5 ques- 
157). ^ indicator of the general level of fat content > (Brožek 753, p. 
medi; While this is true of posterior leg tat, it is by no means true of 
in 1. leg fat. In all likelihood Brožek made this pessimistic prediction 
he absence of data on fat intercorrelations. 

" Хон the present study stresses the way the subcutaneous fat layer 
ің ie ава unit, despite regional differences in absolute thickness, this 
"i part of the total picture. The tela adiposa is a single sheet, its 
adir is related to the volume of the inner fat, and it is possible to 
P менын the fat weight or percentage of fat of an individual from а 
jara m thickness. At the same time there are marked inter- 
барш differences not just in the amount of fat, but in the way юэ 18 
Would ed. One man may be fat, but with less fat on his legs than 
be predicted from his absolute fat content. Another may have 
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little fat, but with more on his legs than might be expected. Тһе = 
of such individual deviations from their own baseline (or mean "n ас 
is а problem in its own right, and one that cannot be approached thro ru 
the calculations of the weight of fat, or the percentage fat. Hence A 
need for regional fat measurements, as well as measurements or esti 
mates of the total body fat. 


SUMMARY 


1. Patterning and intercorrelations in subcutaneous fat thickness 
were investigated, through the use of tele 


oroentgenograms, on 87 active 
white males aged 20-69 years. 


2. Mean fat thickness ranged from 18.9 mm (iliac fat) to 2. 7 mm 
(anteriorleg fat). Mean thickness rankings were (in decreasing order) 
Шас fat, deltoid fat, trochanteric fat, posterior leg fat, medial leg fat, 
lateral arm fat, lateral leg fat, medial arm fat and anterior leg fat. 

3. Absolute thickness ranki 
deltoid-iliac-trochanteric was 
deltoid-trochanteric was more 


тэр : : 8 
ngs changed with increasing weight, thu 
characteristic of leaner men, and iliae 
common among fatter men. 


4. Intercorrelations among the 9 fat thickness ranged from 0.33 
to 0.79. 


9. Trochanterie and me 
relations, and correlated Ww 
posterior leg fat exhibited a 


dial leg fat showed the highest мрн" 
ell with gross weight, while lateral an 
greater degree of autonomy. 


658 nor anatomical loeation provided a guide 
of a fat layer. 


6. Neither mean thickn 
to the predictive efficiency 
7. Attention was dra: 
to the total fat volume a: 
in the patterns of fat d 


wn ‘to the distinction between studies relating 


nd those concerned with individual difference’ 
eposition. 
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CULTURAL FACTORS AFFECTING THE STUDY OF 
HUMAN BIOLOGY 


Te existence of a field called human biology and the need for a 
а, “> journal bearing this name, may be justified in one of iwo 
Mie E may be drawn to the unique taxonomic position of man. 
i Ма attention may be directed ыг the behavior of шай, bic 
аре from group to group. | Yhe first justification rests on 
existence grounds, The second justification takes cognizance of the 
e of culture. 

апаз 09 man's unique position in nature. the wo geom ын pde те 
Posture ее 2 seems less and зах, at ice шон, т т 
“чена, E onger ean be claimed as exc usively human. hela 8 "d 

8 turns out to be a characteristic shared by other anthropoids, 


ама i А 
dey, ie. this respect they may occasionally surpass man. In motor 
e p 5 H 4... + 
9pment the young chimpanzee is more than superficially like the 


1 : 

id infant. And it turns out that other anthropoids can use symbols, 

and tools, and solve abstract problems. Anatomically, biochemically, 

wh: asingly difficult to demonstrate in 

Cay Yet it is still true that we 
te the same fashion that we 


ано: и i ; 

il. lysiologieally, it becomes incre 

a : 

1 ns ы man is completely unique. 
OU invest) : : : 
1) investigate human biology in qui 
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investigate the biology of some other species, because of the cultural 
= most species, we can assume randomness of mating. иж qo 
do have preferences (in this respect too they are * human hs s Pen 
sexual stimulus value of females exhibits a wide range of Баг ан, 
But such preferences are not systematized within a ирэн. в 
Animals do not seek prior information about prospective mating par талы 
nor do they eschew potential spouses because of consanguinity, volun the 
affiliations, or political or religious beliefs. Іп man, however, he 
existence of traditions directing the choice of mates, or airs uly 
choice to a particular individual out of many, is so common chek vie 
random mating may be considered unlikely for all but the eer 
least complex groups. Or, to put it differently, in what other an! a 
does a railroad track serve as an effective barrier to gene flow? In S 14, 
other species may the mating pattern involve marriage to two sister? 
от à woman and her daughter? nge 

For most animal forms it is possible to observe the dietary ее 
and therefore to make certain inferences as to their metabolic a el 
ments. In some cases, an extremely limited dietary range gives iet 
diate indication of a metabolic peculiarity. But in man, any s 
to estimate the dietary range from the food habits of a particular 8 ces; 
runs into early failure. For food prohibitions, learned eating preferen the 
and culturally-defined limits on what is considered edible, limit tri- 
individual to a fraction of what is actually palatable, reasonably pon 
tious, and satisfying, Not infrequently it is found that а weed (2 oe 
considered inedible) is a Superior source of nutrients, while 8 
honored cultivated plant proves hardly worth the boiling. n 

Similar problems arise ‘in studying fecundity, fertility, от 
prelude sexual activity. For here biology is thoroughly npe only 
cultural practices. The birth rate, crude or corrected, is at bes the 
а partial indication of the reproductive potential. It is affected a 1 
mean age of marriage, the extent of sexual activity (including wt 
taboos) and what the members of the group choose to do about ant 
tion. And, in discussing sexual activity, the extent of cultural or is 
can hardly be overestimated. There ато marked differences in ет. 
considered to be а © normal ” соја] frequency. Moreover, sexual be atin’ 
a be altered by changes within the culture, or even by dissem?" ny 
stati 


8 М di 
tical information about sexua] behavior! То find a parallel Е 
other species would be difficult indeed. 


heit 
by 
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While the problem of obtaining culture-free biological data on human 
beings is difficult enough, the problem of applying data (known to be 
culture-in{luenced) for human betterment, is especially hazardous. In 
our desire to improve the nutritional status of other peoples, we attempt 
to instill our own dietary practices. Yet there is little evidence at present 
that three meals a day, as contrasted with two or one, is a physiological 
necessity rather than just a particular way of our own. 

And there are times when physiological data seem strongly culture 
bound. To an American, British insistence that the custom of mid- 
afternoon tea is the natural result of the afternoon fall in blood sugar 
Sounds like a rationalization. It is legitimate to enquire whether com- 
Parable changes in blood sugar also occur in subjects not habituated to 
the taking of tea, and whether the pattern demonstrated in Britain may 
not be an anticipatory response rather than a portent of impeding 
hypoglycemia. 

These various examples serve to demonstrate the extent to which 
Cultural practices intrude into the study of human biology, making it 
quite different from the study of any other species. They also indicate 
he kind of information that the human biologist necds to have, above 
‘nd beyond the information ordinarily required in biological research. 


CULTURAL FACTORS AND PROBLEMS IN HUMAN GENETICS 


The extent to which cultural factors have to be reckoned with is 
extremely apparent in human genetics, especially population genetics, 
2 Compared to family-line or pedigree analyses. In shifting from rare, 
мы pathologieal traits, 10 common and non-pathological charac- 
“Tistics, the easily defined lineage has been*replaced by the more nebu- 
нэр "population." And this latter unit is by no means identieal with 

€ horde or tribe on the one hand, or the city or state on the other. 
an, Uppose that we are interested in the population frequencies for р, 4 
th т and are given a small group and have reasonable evidence ics 
е Stoup is endogamous, not divided into moieties, and not overly 
ат, ‘ghted by a single lineage, the observed frequencies for the group 
"hs fact population frequencies. (We assume that the total group 
3 Jepresented, or alternatively that the serologist avoided typing his 
папі lineage exclusively.) But how about a larger group, made 
P at two, four on more distinct breeding populations? Firstly, does 
: Serologist know of the existence of these sympatric yet reproductively 
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isolated populations? Secondly, how does he go about identifying the 
breeding group to which each subject belongs? Р 
Further examples of the same situation exist in every large city, 
wherein a dozen or more breeding groups are partially concealed by 
uniformities of language and dress. Cities are economic units to be 
sure; they are also political units and demographic units. But, е 
Boston or Vienna, cities are not populations in the genetical sense. T he 
distinct breeding groups may be markedly different in gene frequencies. 
In extreme cases, as in Indian cities, divisions of a single hereditary 
occupational class (caste) may differ as much as Negro and White т 
Baton Rouge, Louisiana. Under these circumstances data on the blood 
groups of New York City, or the blood groups of Rochester, New York; 
need not provide information on “ population " genetics, useful though 
they are in many other ways. 


H H B 1 3 ree 
For obvious reasons, hospital patients have been a favorite soure 


of genetical information. They are at least temporarily incarcerated, 
they expect to be questioned and bled, апа (assuming that disease dr 
respecter of persons) they should be relatively unselected. But hospit? 


patients are not random representatives despite the anonymity provided 
by a hospital gown. 


Out-patients, and to 
hospital’s immediate 
adjacent districts, 


. Ч he 
à lesser extent, ward patients come from га 
Vicinity and thus reflect the composition of ! 
ре Тебе 3 -patients 
le district is Irish, so will be the out-p2 hü- 
spital bears a Hebrew name. In Boston the Massac® a 
setts General Hospital, located in à region of cold-water Пав, шини" 
disproportionate number of Italian patients, though the more зай” 
Phillips House attracts the expensively sick from all the world. p 
э . - " 
Peter Dent Brigham, on the other hand, draws more heavily fron : А 
Jewish quarters of Brookline and Roxbury. Such differences in city 
origin may also be observed in the hospitals of New York iid 
М t й ? ji 
> ondon. Туе these cireumstances, estimates of gene freque jh 8 
азей оп out-patients alone may have a limited value, while шаал 
ю show Tace-associated disease predisposit 
simple matter of just where in a city a hospital is located. r 
The fact that immi ive section ° 

Ды cen tas : ast expensive sec ting 
= 5 E ellow п on to the human geneticist. pa E 
о in the phone book locates an entire Syrian community: 1 n? 

аз locating one Slovene provide; the өшіге у = 

often take plae 


jera 
: to many. Because mist 
© on а family-wide, 


115. 
: à ade раз 
community-wide. or city-wide 
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ц is possible to sample the genetic composition of an Albanian village 
in Boston, or an Armenian province in Providence; to locate Tennis 
Indians, contact structural-sieel workers in Rochester! 

But the very facts that migrations do take place on a family-line 
basis (not as isolated individuals of either sex) and religious conver- 
Sions are not distributed at random, make more difficult such tasks as 
the demonstration of “genetic drift” in man. Were migration an 
Individual matter, or the joining of religious isolates restricted only to 
Sexually mature but unmarried males and females, demonstrating drift 
Would be reasonably simple. All that would be necessary would be the 
Comparison of gene frequencies in the migrant group or in the descen- 
dants of the original converts, with gene frequencies in the parental 
гейш (ог their descendants). But the simple facts that people 
ry not migrate at random, unrelated men and women of breeding age 
"a са eut off from their tribe, and randomly sampled men and 
ttes 1 ын run ой and join a religious commmunity, provide a serious 
еер ii vw those interested in demonstrating drift. For the migrants 
Probably. М көгіндегі families, the adults, eut off by flood or earthquake 
bons Ww єєр related, while the sect leaders probably converted entire 
legitimas ^ related families at that. U nder these circumstances it is 
stration е to ask Whether the prerequisites for the successful demon- 

of genetic drift in man will ever be met. 

ee de then, that the study of human genetics is thoroughly 
к а Ч by the existence of culture. Statistical corrections have to 
nothing of 2 polygamy, polygyny, and cross-cousin mariage to вау 
mother ^p he sororate, the levirate and marrying one’s deceased wife’s 
: Because the population unit-of-study is not identical with the 
on what px or community, the geneticist “must have prior information 
the Boos 1o od groups actually exist. In dealing with hospital patients, 
andom has to be suppressed that in their nightgowns they are a 
tactica] 
United p 

а 


упр, 
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r М TH 
CULTURAL FACTORS AND THE STUDY OF HUMAN GROW 


In contrast to human genetics, where the кеі, жымы E нөм. 
systems only recently have begun to attract interest, research ре те 
growth has been characterized by а formal appreciation | ішпей 10 
differences. Іп fact many studies have been specifically "tum 4 
show the extent of cultural influences. Тһе growth of chi on 
similar stock, but under different cultural conditions, has ecd 
pared. Тһе sizes of children in different cities have been p poe 
Rural-urban differences have been investigated and social class “Түний 
given more attention in growth studies than in any other area о 
biology. 1 in 

e if students of growth have been aware of cultural Pe 
the abstract, they have failed to be specific. Logically, and p ын 
correctly, group divergences in body size or in the rate of growth E dt 
from those differences manifestly racial in nature) have been pest 
to dietary differences. Unfortunately, dietary studies have rarely hie the 
panied the measuring of stature, and the taking of weight, so that 
prime variable remains unstudied. 


he 
Further, the existence of < 


: t 
pecifie cultural practices bearing d 
growth rate has been given little attention. "Phe possibility that 


oen 
; : хуль, 4 . has not be 
growth is less rapid where voluntary activity is greater has n bunt 
4 " : : n 
considered. Мог has the mean temperature of the home been 8 


attention, despite the close те] 
tary activity. 

The middle class Ameri 
and relatively аррте 
from over-exertion. 
care is taken to ass 
classes, on the other 
less emphasis on Te 
Therefore, though t 
groups, the caloric e 
minus caloric exper 
lissue maintenance 


«volun 
: : ге: invol 
ationship between temperature and 


arian 
ected 
an 


can child, reared by moderately nina 
hensive parents (by global standards), is P 
His play periods are timed, naps are enforce Towel 
ure uninterrupted slumber. Children of the with 
hand, are treated in more permissive oper » 
St and a more lenient attitude toward Я е 

he calorie intake may be comparable in + E ake 
xpenditure is not. And the difference, de for 
nditure, represents ci 


the energy reserve avail 
and growth. 


сай 

fric? 

In some cultures even less attention is paid to rest. An p 

settlement or a Balinese village may operate on a 24-hour 80 y 
with events of Interest a]l 1 


08 
the while, There, uninterrupted pol tio? 


; ipat! 
be a rarity for the children, with cat-naps alternating with partic}? 


md 
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in the village night-life. Such practices further increase the energy 
expenditure, leaving a minimal reserve for the process of growth. 

Besides, the temperature of the home may play an important role. 
Energy metabolism and temperature are inversely related. As the 
temperature falls, considerable energy is utilized in maintaining body 
temperature and in insensible shivering. Under these circumstances 
the high October-through-A pril temperatures of the Ameriean house- 
hold (whieh distress visiting Europeans so markedly) may have а hot- 
house effect on the children allowing the maximum usage of the energy 
intake for growth. 

In addition to these systematic differences in child-rearing practices, 
which may bear upon energy metabolism, we should note those practices 
affecting one sex alone. In many parts of the world, women eat apart 
from the men, girls get the soup while boys get the meat. Or both sexes 
May eat with the women until puberty, with the boys transferring to 
the men’s table thereafter. Boy babies may be suckled longer (to make 
them strong), or weaned earlier (to make them independent). Such 
child-rearing practices may be expected to have a marked effect upon 
Stature and weight, producing growth curves markedly different from 
those customarily encountered. 

It is not sufficient, then, to be aware of cultural differences in the 
abstract: rather it is necessary to know enough of the cultural practices 
to relate them to the growth phenomena under investigation. 


CULTURE AND HUMAN PERFORMANCE 


We have left until last the extremes of human performance and the 
p alc concommitants of race. To what extent do cultural practices 
Sonne cold-tolerance, heat-tolerance. and load carrying? To what 
ent have we evidence that races differ in performance levels with the 
Cultural variable ruled out? | 
In view of the variations in eultural conditioning, it is not unlikely 
ыс Properly selected “ natives " would upset the best laboratory data 
те lave. Malayan pearl divers routinely exceed our breath-holding 
Cords. Andean miners mock our need for pressurized planes. The 
Foi of South America exist in an unclothed state under conditions far 
donka hospitalize Americans for “ exposure.” Merchants in vines ut 
And rà drivers too, keep busy at a temperature designed to ней шу ч 
Отеап porters tote ammunition boxes amazingly heavy 1n respec 
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i Vhile it is culture itself but йаш 
to their body 22202 possible, it is in ety 
poe женер c are deemed attainable. As a mem 22. 4 
nm ааа. А soins a knowledge of what the acm phe 
cw is are supposed io he and we may E 
conditions he reports the limits of his endurance ach ый — 

As to racial differences, numerical data are scanty, s oman "i 
reports are numerous. Eskimo are supposed to 2. кк Жа 
cold, ап expectable consequence of over 40 47. Sae n a 
Negroes are supposed to exhibit higher heat tolerance, ag 
unexpected finding in view of their ad 


aptive zone. — 
(т 1e 5 
i 3 б Ж е re-free. 
But the available data are far from lx ing culture-f 
recent tests contra 


rived 
'asted Point Barrow Eskimo with whites хурж: pe 
in the arctic. In proving Negro superiority under hot. glos nd 
conditions, northern white college students were pitted een 
Negro sharecroppers. It still remains to be seen how real the diffe 
are with the variables of culture removed. f human 
Under these circumstances it would seem that the range М arrving 
capacities, including cold-tolerance, heat-tolerance, and loni < the 
will have to be reinvestigated with more adequate attention ме 
cultural factor. As with studie 


s 5 БЭ Mies, or hun 
s involving nutrition, genetics, 0 
growth, these more coldly 


7 ‚сап 

physiological aspects of human к 10 
not be investigated as if the subjects lived in a cultural vacuum. 
the time they were enlisted as : 
It is the purpose of this 
into the study of human biol 
primate, amenable to the me 
The investigation 


* volunteers ” for research. ;ntrude 
article to show how cultural — large 
ogy. Man can not he treated just arie 
thods and techniques of mammalian bi 


arch 
У ions, reseat 
of human biology demands precautions, And 
ф Т , T es 7 
methods, and Tore-knowledge unparalleled for any other speci 


many of the 


problems in human bio 
for one hum 


àn group 
For some studies 
may be 


ing 
i holdi 
logy are themselves unique, 


and not for another. 


ч in 
à knowledge of socia] Structure and mating 
sity. For others, detail 


gystem? 
dietary 


à prime песе: 
habits and techniques of fo 
Still other studies may de 
and local beliefs concern 
knowing at what age inf, 
are imposed on pregnant 
part of biological researc} 


ed information on the mie , 
04 preparation may һе equally ШЕ ей 
mand information оп contraceptive ge on 
ing reproduction. Yet others may hi ction? 
ants are allow ly 8 
Women, 

h, 


restri 
ed to roam or what gum 
5 rdi 
Such knowledge is not 01 consta? 
В ” 2. 7 
nor is it needed for a genetically 
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Organism, on a standardized diet. reared under laboratory conditions. 
But for man, with eulture a principal variable. information of this 
Sort is an indispensable prerequisite in research. 

'The existence of the field of human biology, and the need for a 
journal bearing this name, derive ample justification {тот the simple 
faet that the organism in question, man, possesses the quality we call 
culture. 

STANLEY MARION GARN 
Fels Research Institute 
Yellow Springs, Ohio 


PATTERNS OF GROWTH ОЕ THE SKULL AS 
REVEALED BY VITAL STAINING * 
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INTRODUCTION 


НЕ purpose of the study here reported was to determine the a 
Т cesses of bone growth influencing the form of the skull of the и 
in order to better understand these processes in mammals in ae 
and in man in particular. The experimental technique of staining 1 © 
growing bone with alizarin тей 8 was used (1) to reveal the pr" 
sites and modes of growth resulting in an increase in the size of а 
skull, and (2) to assess the effects of differential growth at these 8! : 
in modifying cranial form. The determination of the anatomical шар” 
governing the relationships of the cranial vault, the cranial base; хээ 
the face is believed to have implication for the interpretation of m 2 
phological differences among related species and for the analysis `, 


changing form and Proportion during the ontogenetie developmen 
the mammalian skull. 


The nature of the biologic 


n cranial 
form is of particular signi 


hich 28 
wh the 


4 : tomy 
gators using the techniques of comparative ee 


size of the face and the © 
зай! 
a 
* Aided b М wit 
Research, a a Brant from the Wenner-Gren Foundation for AnthroP s Ві? 


is artiele reports the study i resented 
: йг Study which the author pres 
doctoral dissertation in anthropology to the University of Chicago. 
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p (supraorbital ridges, temporal lines, and nuchal crests). It 
ai 2 ly been conceded that the differences in form and proportion 
нема E NE fossil and living groups are due to changes in relative 
differen Li but the actual processes have remained obscure, and the 
шан m rave been explained largely by inferences drawn from the 
23 — data. For example. Weidenreich (741, 745), on the basis of 
2 по: of different species of dogs, apes, and men, contends that 
аж A predominance that characterizes the skulls of dwarf forms 
ae RE only determines the special shape of the brain ease proper, 
therewit] he size and arrangement of the facial parts and, in connection 
р. 318) 1, ки development of the superstructures of the cranium” (741, 
айбын ^ 5 ccording to this interpretation, then, the skull is a single 
мены growth in which the size of the brain alone determines cranial 
м. IN that Weidenreich uses data drawn from pathology, 
а À he cranial m of mierocephalie skulls, to support his inter- 
aed De Beer (237, р. 485) also refers to microcephaly in his 
ини n of the development of the skull, and arrives at а quite 
eranial dong concerning the relationship of the vault, face, and 
cephalic шал It is therefore clear," he states, “from these mico- 
her ұны that the dermal bones of the brain case (frontal, parietal, 
entiation ? supraoccipital) are dependent for their morphological differ- 
ен - growth on the brain, whereas the bones of the skull-base, 
eer, m s. nasal, maxilla, ete.) are independent of the brain." De 
orm of "t would see at least two systems of growth influeneing the 
Sim; ле skull. 

к. confliet of opinion concerning the role of the cranial base 
ments of "wu the form of the skull is evjdent in the divergent state- 
states: « » eidenreich and Stockard. Weidenreich (41, рр. 318-379) 

Cm is deflection of the base. of course, is of some influence upon 
о Progn а position of the face but it is not responsible for the degree 
the face аі, as Ranke believed, and still less for the reduetion of 
баг авс On the other hand, Stockard (41, р. 282) contends that the 
Which енна growth of the base « functions to produce the bone growth 
i gs about an almost continuous lengthening of the basi-cranium 


With t 
аа отита development and strengthening of the upper facial 


in 


The : 
шс ша opinions, based on comparisons of the same types 
» Indicate the need for experimental evidence to sort out the 


82 MELVYN J. BAER 


systems of growth in the skull determining the form of the en "ym 
the face, and the cranial architecture. Тре experimental me ни of 
Surgical interference with normal growth has revealed the gre n 
intrinsie and extrinsie factors during development. Washburn ( м 
for example, has demonstrated that certain elements of the n 
poral lines, nuchal crests, and the coronoid process of the mandible | 
the rat) develop їп direct response to, or are maintained by, muse 
function and increasing muscle volume, 
expansion of the cranial cavity proper. ТЭРЭН 
The vital-staining technique which demonstrates the specific sites s 
growth also holds an advantage in clarifying problems relating to ees 
ontogenetie development of the skull. While the use of anthropometri 
techniques has delineated the ma 
during the development of the sku 
of these changes is contj 
of bone growth, the units of grow 


and are independent of the 


magnum during the growth of е 
» the chimpanzee, and the orangutan, The causes 
and the precise mechanisms of the backward migration of the e 
magnum have remained obscure, however, and a full understanding ? 
them must await an analysis of the growth of the base. n 
Investigators using quantitative anthropometric techniques have e : 
plagued, further, by the problem of Superpositioning skull tracings ay 
That this за recurrent problem is attested э 
the fact that Krogman (51) lists 20 planes which have been sugges tà 
i as à basis for orientation, each attempting i 

asis of comparison, Adoption of a plane for co 


las neces- 
8 or serial tracings of the same form has are 
selection of the 


This problem, as Brodie (4 ‘of 


-nati 
У through the experimental determina 
of growth, 


г ThomP- 
Y generally, the investigations of DA m 
) are eited frequently as having pc s 
n as a mechanism of 


son (717) and Hux 
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tionary change and to account for the differences in form among related 
groups. Although these writers based their analysis of change of form 
9n the biological nature of the processes of growth, subsequent interest 
and investigation have tended to focus primarily, and almost exclusively, 
оп the empirical formulations developed by Thompson to show systematie 
transformations and by Huxley 10 demonstrate constant differential 
growth ratios. I[uxley's allometric formula (Y = bz*) has been widely 
аррПей to deseribe proportional size shifts during evolution. Robb’s 
(35) study of the horses and Romer's (748) study of the Pelycosaurian 
reptiles may be cited as examples. Simpson (744) has stated the impli- 
cations of the concept of relative growth for determining evolutionary 
rates of change in size of different characters in a phyletic line. 

While recognition of the importance of differential growth as a 
Mechanism of evolutionary change has stimulated the development of 
mathematical techniques for the treatment of dimensional data, little 
attention has been directed toward the rationale or logical basis for the 
increments selected to describe changes in size. Rather, the focus of 

erest has bee irecte € атт ипо" renere s of grow 
inferred e — cil — gener " = a pm E 

pserved regularities in size shifts (i. е., gra ients, genetic 
fields, ete.). Тһе emphasis on application of mathematical techniques 
ме resulted in descriptions of changes in size effecting shifts in form 

Proportion. This approach does not indicate how these changes take 
“beg The utility of inferences about morphological changes derived 
consi i: direct applieation of the mathematical approach without prior 
inte cration of the processes of growth and an analysis ur the pen 
ава ен Involved has been questioned by Waddington (750), Young (50), 

ashburn (758). 

© м. Solution of problems of morphological change by the technique 
165 athematical analysis raises the question of the nature of the dimen- 
$ selected for study and the basis of selecting these dimensions. Do 
"s Measurements submitted to the test of allometrie relationship repre- 
IE Iq in ылары 
Owth ы owth? If the measurements s de 
5 Changes, then an understanding of growth processes is necessary 
554 basis of mensuration. This fact has been clearly recognized by 
the 9 and Huxley (745) in their discussion of the theoretical basis of 
allometric equation and the assumptions concerning the processes 

Бтоуу оп whieh it rests. Recognizing that bone growth takes place 

s additive process rather than one of self-multiplication, these 


Br 
ET 
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authors discuss the question of whether the allometrie formula can be 
applied to the analysis of skull growth. Basing their discussion 00 
Brash’s (784) contention that increase in the size of the skull is due to 
a process of ectocranial apposition and endocranial resorption, Reeve 
and Huxley (745, pp. 135-136) state that “ап individual skull-bone 
cannot be considered as a unit of either multiplicative or additive 
growth," and conclude that “it seems clear that no simple concept of 
multiplieative or additive growth can be applied to explain changes > 
skull proportions." This raises a question; namely, to what units 0 
the skull ought the allometric equation be applied in order properly * 
measure differential growth? Тһе development of an experimenta 
technique designed to demonstrate the processes of bone growth as 3 
logical basis for Subsequent mathematical analysis of differential growth 
and consequent change in the form of the skull would provide a solution 
of this problem. 


skull 
In regard to the experimental investigation of the processes of den 


growth, httle use has been made of the vital-staining technique 3. 
John Hunter (1771) described the appositional nature of bone growth 
in the mandible of madder-fed pigs. : 
Brash’s (734) analysis of skull growth, also based on madder-fed р» 
led him to the conclusion that the growth of the cranium in size can be 
explained by surface accretion and surface resorption without any ^ 
separating growth at sutural lines. Пе considered the apparent grow! | 
taking place at the Sutures as indicating reformation of the suture’ 
required by the expanding surface and designed to maintain the at 
position of the suture during increase in cranial size. Although HEP 
regarded the growth of the cranial base аз due to a process of mem к 
replacement which resulted in the growth of the bones at the pur 
(comparable to the growth of long bones) , he did not extend his WO 
s include а consideration of the relation of the growth of the crant? 
us un of the зах ог the influence of growth on eranial post 
| ster and Schour’s (51) study of cranial vault growth in she n 
using the vital-staining technique, does not support Brash’s contenti? 


i „ate 
Le the и 9f growth in the vault. These authors demons, 

growth takes pla 1 ^ incr oi 
specific sites (sutures), yp dini manuel Б om 


ge By injecting animals at different ages Wit? i 

ын Which is deposited only in bone growing at that time, they авын 
е шан bone deposited during intervening periods. This mee 
revealed a greater amount and duration of growth at sutures contribut”? 
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to growth in length than at sutures resulting in growth in breadth of 
the vault. Massler and Schour regard the progressive elongation of the 
cranial vault and snout of the rat as a function of unequal growth at 
the individual sutures. 

Moore (748) studied the sites of cranial growth in the monkey as 
aoe by sectioning a single specimen which had been subjected to 
en with the same dye, alizarin red 5. Д His findings also 
lien the suture to be the site of bone deposition responsible for 
а эн in the size of the vault. Although Moore noted the presence 
bo on all surfaces as well as in the internal structure of the bones 
he ri the base, he attributed this staining to a reorganization of 

ernal structure of the bone. 
ҚТЫ... project here reported is concerned with the processes of cranial 
of the edis for assessing the influence of differential size increase 
the de sidus units ol growth on the form of the skull. To this end, 
— emp technique used by Massler and Schour to reveal the 
Бас p А es, and mode of growth in the cranial vault was also extended 
analysis of the processes of growth in the face and the base of 


the skull. 


MATERIALS AND METHODS 


o Subjects of this study comprise a series of 77 pure strain albino 

“нэн in the Physical Anthropology Laboratory of the University 

еге et Date of birth was recorded for each litter. The animals 
усапей at 25 days of age. 

Mine fo ed of vital staining with alizarin red Б was used to deter- 

i ites and the extent of new bone formation at different ages. 


(Alu. rd 
isi 18 deposited in the new bone being calcified at the time of 
Peri n, while bone formed prior to the injection or subsequent to the 
9f absorption of the stain remains white.) А 2% solution of 
а S with a dosage of 1 се рег 100 gms of body weight was 
ered by intraperitoneal injection от, in very young animals, by 
With the older animals, 
injection of alizarin 
to be more effective 


іла 
чы 
с 
Since 3neous injection between the scapulae. 
Ted in * rate of bone deposition has slowed down. 
: ыг dosage on two successive days was found 
a eug a deep, rich stain. 
ертеде нү nimals were injected at varying 
him ative series from birth to 101 days of age- 
by sex, age injected, and age sacrificed 


Prod 


ages in order to provide а 
The distribution of 
is shown in table 1. 
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TABLE 1 


Distribution of animals by sex, age alizarinated, and age sacrificed 


ALIZARIN SACRIFICED ALIZARIN SACRIFICED 


AGE AGE NUMBER AGE AGE Munus 
(days) (days) M F (days) (days) M 
1 4 1 1 Е 7 90 2 1 
1 5 T ж 100 E 1 
1 7 1 = 
1 9 1 - 50 1 - 
1 10 1 - 55 1 - 
1 15 1 = 60 E 1 
1 20 БИ 65 1 = 
70 - 
0 10 = 1 15 1 > 
6 13 1 - 80 = 1 
85 - 1 
10 15 3 = 90° 3 1 
10 16 1 = 97 - 1 
10 20 20 в 101 = 1 
10 25 2 = 
10 28 1 и " | Р 
10 30 ё 4 88 Š- d 
10 35 1 3 41 1 à 
15 17 1 a 1 = 
18 28 Л 3536 45 Т 4 
15 30 1 E 85, 45 
15 35 1 2 1 2 
40,41 45 E 
и % ин 40,41 50 Л 
ы, 
18 95 E 1 40,41 55 | 
45,46 50 - 
2 , 1 
20 =. в 2 45,46 55 ?.2 
zo 30 1 I 45,40 60 
20 2 1 1 50,51 55 1 1 
= 1 50,51 60 = = 
25,26 29 1 50,51 65 1 
25,26 32 m 2 
25,26 35 т a 55,56 60 17 
Т 55,56 15 1 a 
26,28 50 2 55,56 70 1 
26,28 60 1 i 
1 = 
26,28 65 1 70,71 76 RE 1 
26,28 10 i = 10,71 83 = 
26,28 80 d ^ 70,71 97 1 5 
70,71 100 1 


7 
Total 50 2 
Total N = 77 


Con, 
t 
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Termination of the series at 101 days of age for the oldest animal was 
decided upon, since it was evident from a cursory examination of the 
specimens that this period of time covered the major growth changes 
taking place in the skull of the rat. 

The maceration of the specimens was greatly facilitated by soaking 
them briefly in a solution of one part commercial household bleach con- 
taining sodium hypochlorite to two parts of water. No specimen was 
left in the solution for more than 5 minutes at a time. Cleaned speci- 
Mens were then rinsed in three or + changes of clear water and stored 
Ша dilute solution of alcohol. 

The method of analysis consisted of making qualitative observations, 
on the articulated skulls, of the growth centers and the sites of growth 
active at different ages. The mode or process of growth (i. e., surface 
apposition or incremental addition at the margins of the center of ossi- 
fication) at the different sites of bone deposition was determined. The 
ш of ineremental growth as revealed by the staining technique 
аг the basis for metrical assessment. Since the sites of bone growth 
Шы known, it was possible to devise measurements at right angles to 
of plane of growth. The measurements reported represent diameters 
mi ds hole bones. Length and height measurements were taken in the 

Sagittal plane, breadth measurements at the widest part of the bone. 
int Methodologically, the question arises: does the use of alizarin red S 
eee with the normal growth of the animals, and thus make them 
oa нана subjects for the quantitative aspects of the study? This 
six €m is further complicated by the age differential at time of injection 

uri the possibility that animals react differently according to when, 
Мэн the period of growth, the dye is introduced. While experimental 
Tem E logical data are not available, it was observed that no animal 
жч. ill, as the apparent result of the injection, for longer than 24 
olde $. Nor did younger animals appear to be more susceptible than 
т ones to the slightly toxic effect of the stain. 


á FINDINGS 
enters, Sites, and Modes of Growth Resulting in Dimensional Changes 
n the Skull 


із Occipital Complex. Тһе occipital bone of the rat at birth 
чин Of 4 elements, each represented by а single center of growth: 
asioccipital, the paired exoccipitals, and the supraoccipital. "These 
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elements are arranged in two planes. Тһе basioccipital forms the pos- 
terior floor of the brain сазе; the exoccipitals und the supraoccipital, the 
back wall of the cranial cavity. 

The basioccipital increases in length and breadth by incremental 
growth at the margins, with the exception of the posterior margin 
forming the ventral border of the foramen magnum. Stained speci- 
mens show clearly a continuous increment of new bone formation 
extending the anterior and lateral margins of the element (fig. 1). 


Supraoccipital.- - 


Exoccipital------------ 


Basioccipital- --............ 


Fic. 1. SCHEMATIC DIAGRAM ILLUSTRATING RELATION- 
SHIP OF GROWTH SITES ОЕ OCCIPITAL ELEMENTS TO THE 
FORAMEN MAGNUM IN 20-DAY-oLp RAT. (Shaded areas 


represent growth from 10th to 20th 


day; basioccipital 
arranged in ve: 


rtical plane for diagrammatic simplicity.) 


There is no indication of bo; 


Ш и —— 
ne deposition suggesting incremental incr 
at the posterior margin of 


| the basioccipital (and thus at basion) at 227 
time during the 101-day period represented by this series. js 
Growth in length of the basioccipital takes place at the synchondre 
formed with the basisphenoid, Since the junctions of the basiocciP? h 
With the exoccipitals are set at angles to the midsagittal plane 0^ '. 
skull, the incremental growth at these sites contributes to increas? 
both length and breadth of the basioccipital. раё 
The lateral margins of the basioccipital abutting the tympanic Мені 
show Incremental increase Without preformation in cartilage- 92 
mechanism of increasing the lateral diameter is unlike the growth e 
long bones in breadth resulting from surface apposition. The 807 Ü 4 
(ectocranial and endocranial) of the basioccipital, after injectio®» w 
lightly “tainei red, indicating appositional growth resulting 10 пе 
Increase in thickness of the bone, The unstained band of new 
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Surrounding — 
"Үсээ нра там өрлей surface indicates clearly that the lateral 
The distribution it the by "ug im apposition: 
exception of the M ле stain shows that the exoccipitals, with the 
foramen аттан "i а margins comprising the lateral borders of the 
at the MAES 2 inerease in height and width by ineremental growth 
Junctions s al ES tbe growth center (fig. 1). Growth occurs at the 
as a result of жас cipitals with the basioccipital and the supraoccipital 
Meeting the оша bone formation, whereas the lateral margins 
formation i periotic capsules show incremental growth without pre- 
The ын d cartilage. 
n at eget age also increases in dimension by 
elements of ihi МЕНЕ of the single center of growth. 
orming the ш arepita bone, the ventral margin of the supraocei 
Suggestive 4 iperior border of the foramen magnum shows a “ filling in” 
8 а, increase contributing to its vertical dimension. 
OWever, this with the nature of the staining ai the other margins, 
Contribute ч incremental growth is not sharply defined. While it does 
о the vertical height of the supraoecipital in the midline, 


Ne chief 
effe 
the for ect appears to be the flattening of the superior margin of 


incremental addi- 
Unlike the other 
pital 


tio 


“рд. ағ during growth. 
VO planes, t elements of the occipital bone are arranged roughly in 
°eeiput in dena growth sites described result in the expansion of the 
su num et length, and breadth. While the borders of the foramen 
d е Ped көріне and increase in thickness during the period 
Жү time after ni of staining in specimens permitted to survive for 
take place ; injection demonstrates that ineremental growth does 

at the lateral or inferior margins of the foramen magnum. 


he 
amount 
p termines des growth at the sites joining the 4 elements of the occipital 
nf 1 nd controls the size of the foramen magnum. as illustrated 


Sure 


has been discussed in connec- 


id bone in the rat forms 
d the lower part of the 
incremental addition 
г ends of the 


‚ The Сун 
tion “үс, nial Base. "The basioccipital 
sl м of the occiput. The spheno 
йн. ы the floor of the brain case an 
done’ SYnchond basisphenoid grows in length by т 
of { fig. 2) “май present at the anterior and posterio у 
- The surface of the bone forming at the time of absorption 


, the staj 
hi Stain 8 : of i 
с hows а pink coloring, owing to surface apposition causing 
Since the lateral margins of the 


еа; 3 

Duo Se i : 

ава m thickness of the bone. 

of the sphenoid do not show a concentration of stain indi- 
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ИРИ сү жы гах ви 
cating sites of incremental growth, as in the basioccipital, it ү = 
that increase in lateral dimension is attained by surface apposition, 
in a long bone. 


Fic. 2. SCHEMATIC DIAGRAM OF тик 
JECTED AT ONE Day or AGE AND Sacrirt 
(1) SITES or GROWTH CONTRIBUTI 
LENGTH AND Нысит; (2) N 
ABSORPTION оғ ALIZARIN, 


MipsaAGrPTAL Зесттом ок A КАТ Ч : 
CED AT TEN Days or AGE ge 
NG TO тик INCREASE OF THE салақ А 
EW Bong (WHITE) FORMED SUBSEQUENT TO 


the petroty 
ting in incr 


the 
mms the anterior part of the floor i by 
brain case. The basal Portion of the presphenoid grows in leng the 
Incremental addition of bo 
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basisphenoid posteriorly and the junction with the ethmoid anteriorly 
(fig. 2). Тһе wings of the presphenoid housing the optic foramina 
increase in size by incremental growth at the sutures. 


The Lateral Aspect of the Brain Case. The squamosal bones are 
arranged in the vertical plane and form part of the lateral walls of the 
brain case. The distribution of the stain indicates that growth is effected 
through incremental addition at the sutural margins around a single 
center of growth. The free posteroventral margin bordering the post- 
glenoid foramen is also indicated as a site of incremental growth. Since 
the squamosals are situated in a vertical plane, this growth increases 
the length and height of the brain case. 

The paired frontal bones contribute to the formation of both the 
brain case and the face. Each bone, while developing from a single 
center of growth, is arranged in several planes and contributes to the 
dimensional increase of the skull in length, breadth, and height (fig. 2). 
The posterior part of the frontals meets in the midline dorsally and 
encircles the anterior end of the brain to join the presphenoid ventrally. 
Laterally and ventrally the frontals grow in length and height by inere- 
Mental addition at the margins of the frontosquamosal and frontopre- 
Sphenoid sutures. Ventrally, ineremental growth at the sphenofrontal 
Suture results in dimensional increase of the brain case in length and 
height, 

At the anterolateral margins, the frontals form sutures with the 
Maxillary bones, Incremental growth at ће frontomaxillary sutures, as 
Tevealed by the pattern of staining, results in dimensional inerease in 
both length and height of the face, since these sutures are arranged at an 
?ngle that slopes upward anteriorly in relation to the horizontal. (The 
8rowth of the dorsal aspect of the frontal bones has been described by 

chour and Massler (751) in connection with the sites of growth in the 


тапа] vault.) 


; j " eral 
Sites of Growth in the Face. The maxillary bones im ME 
ect of the face of the rat and house the molar dentition. The 


"ев and at the maxillary tubercles at the posterior a { the alveolar 


> Growth at the 1 ite т in the lengthening 

i atter site results in th g | 
кы. ОЁ the maxilla housing the upper molars. Benni det 
bo " frontomaxillary sutures contributes to increase in 


of the maxillary bones. 


asp 
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Ventrally, the maxillae form the anterior portion of the hard m 
Ineremental growth at the margins of the intermaxillary suture ea 2 
in a widening of the palate and separation of the parallel tooth row 

ormed by the upper molars. - 

| Тһе айел к of the zygomatic arch is part of the maxillary 
bone in the rat. Тһе stained specimens indicate clearly that the po 
matic arch grows by a process of surface apposition on the p: od pes 
margin and bone resorption from the inferomedial aspect of the pe 
This process of apposition of layers of bone on the outer aspect, in 
removal of old bone on the medial aspect, results in movement of e 
arch laterally and in increase in size of the temporal fossa. "The mech- 
anism of dimensional increase of the bizygomatie diameter results ын 
the continuous replacement of bone tissue and in the structure of es 
arch itself, as compared with the mode of incremental growth which 
enlarges a bone by adding to it at its margins. 

The zygomatie bones forming the central part of the arches also grow 
laterally, owing to apposition on the lateral surfaces and resorption im 
the medial surfaces. The same process is evident at the posterior хаб» 
of the arch formed by extensions from the squamosae. The overlapping 
sutural junctions formed by the zygomatic bones with the ii 
(maxillary) and posterior (squamosal) roots of the arch show incremen и 
of new bone formed subsequent to injection of the stain. ‘This incre 
mental growth results in longitudinal growth of the arches in keeping 
with the growth of the cranium in length. " 

The premaxillary bones form the anterior portion of the gno 1 
laterally and ventrally and border the nasal bones along the dors? 
aspect of the snout. Each bone develops from a single center of growth. 
The premaxillae house the upper incisor teeth of the rat. РЕ 

The premaxillae increase in size by both ineremental and dui 
appositional modes of growth. Growth in length takes place by 120 " 
mental addition at the maxillopremaxillary sutures, at the {ree puce 
marginis bordering the nasal aperture, and at the lateral edges of pend 
bone bordering the incisors, Growth in length of the premaxillae 8 5 
takes place at the frontopremaxillary sutures by incremental additi 
The pattern of staining also reveals incremental growth at the interp" 


maxillary suture on the ventral aspect of the snout, contributing 
growth in the lateral dimension. | 


Increase in vertical dimension, how 


T 
к ever, takes place by surface м 
sition on the dorsal aspect of the pre 


pes 
maxillae bordering the nasal bo 
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and by incremental growth at the free anterior margin of the premaxillae 
ventral to the nasals. No incremental growth of the premaxillae, at the 
пазоргетахШагу junction. is evident during the 101-day period repre- 
sented by this series. The mode of surface appositional growth is clearly 
evident in the comparison of two animals injected at the same age but 
sacrificed at different ages. An animal sacrificed a few days after 
injection shows red stain over the surface of the premaxillae bordering 
the nasal bones, while one sacrificed after some time exhibits a surface 
of white bone covering the stained surface laid down previously. 


Growth of the Cranial Vault. Massler and Schour (751) have 
reported on the centers, sites, and modes of growth of the paired nasals, 
frontals, parietals, and the interparietal that comprise the cranial vault 
in the rat. They demonstrated that growth of the vault takes place by 
Incremental addition at the sutural margins around the centers of growth. 

his pattern of dimensional increase is confirmed by the animals of this 
Series, as shown in figure 2. 

Massler (41) also demonstrated that the amount of growth is not 
always equal on the two sides of the suture. Пе showed that the parietals 
Sustain a greater increment of growth than the interparietal at the 
Darietointerparietal suture. ( Massler's anterior lambdoid suture). "This 
Phenomenon also has been observed in the animals of this series. 


Growth of the Mandible. The pattern of staining indicates that the 
Posterior and superior borders of the ramus comprise а continuous site 
of growth, largely responsible for the dimensional increase of the man- 
ын іп length and height. Stained speeimens show a sharp increment 
ац пи bone extending along these margins, and including both the 
m е of the mandible and the anterior aspect of the бір of the eoronoid 

9севв, Тре anterior margin of the ramus and the inferior border of 
ні i do not represent sites of growth contributing to the dimen- 

al increase of the mandible. д 
ties he addition of new bone at the tip of the coronoid process and along 
of Uperior margin of the ramus does not alter the backward angulation 


that © anterior border during the growth of the mandible. The fact 
aie stain reveals the old contours of the coronoid process in animals 
Ше 


ей аз many as 30 days subsequent to injection indicates that the 

ental margin of the ramus is not subject to resorption. | The nae 

an Browth at the angle of the mandible results both in backwar 
OWnward extension of the ramus as the mandible grows n length. 


anteri 


94 MELVYN J. BAER 


Growth in height of the body of the mandible is үл : m 
specialized dentition of the rat, and since the incisors extend а us de 
entire ventral aspect of the body of the mandible, gunae к" zd 
growth of the alveolar bone contributes to this growth in height. ы 1 ін 
does the incremental addition of new alveolar bone, which эмгэний 
conjunction with the eruption of the molars, "The continuous bein 
of the incisors is accompanied by ineremental growth at the ue mi 
margin of the body of the mandible, thereby contributing to the LÀ 
in length of the mandible. Except for the special nature and neq its 
ments of the rat’s dental apparatus, the growth of the mandible W^ of 
rat is essentially comparable in pattern to the growth of the mandible 
the pig reported by Brash. E 

The sites of growth in the midsagittal plane described as contributing 
to increase in height and length of the skull are illustrated in figure 


А in the 
Sites of Bone Deposition and Resorption Resulting in Changes т 
Cranial Architecture of the Rat 


8 
Analysis of animals injected and sacrificed at different ages ums 
the presence of sites of bone deposition and resorption comcast P 
marily with changes in the architecture and proportions of the Qe 
rather than with dimensional increase of individual bones. These po 
ате therefore distinguished from Дацан 


those responsible for growtl 
рег se and are described 


separately. 


ortical Plates of the Vault Bones: au 
veal that the sutures of the cranial шэн 
rowth related to changes in cranial dina 
at birth, undergoes progressive longitu ез 0 
ith growth in size. As a result, the e an 

ате rearranged in the horizontal алин 
| h the supraoccipital, which is nearly У 

їп orientation, 
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of the cortical plates was noted throughout the time span covered by 
this series. Animals sacrificed after injection at 70 and 71 days of age 
Showed particularly a new inerement of growth at the posterior margin 
of the outer plate of the parietals and at the anterior margin of the 
inner plate of the interparietal. 

The pattern of staining on the ectocranial and endoeranial surfaces 
of the vault, examined under low-power magnification, indicates that 
differential surface apposition and resorption are not the mechanism 
Tesponsible for the longitudinal flattening of the dorsal aspect of the 
cranium. The surfaces of the vault show the greatest concentration of 
Stain near the sutural margins and less intense staining in the central 
areas. The same pattern of staining is found both in animals sacrificed 
only two days after injection and in those permitted to survive as long 
28 70 days after injection. The pink stain in the center area of the bone 
results from an increase in thickness of the bone due to surface apposi- 
ton. The deeper staining near the sutural margins results from both 
Surface apposition and incremental growth at the sutural margins. 

: These findings, in the rat, do not support Weinmann and Sicher's 
(47) Statement that the cranial vault bones flatten out during growth 
aS а result of apposition on the endocranial surface in the central areas 
9f the bones and resorption of the endocranial surface near the sutural 
Margins, 


p, Changes in the Internal Architecture of the Basioccipital n 
e ар дайа of the surfaces and internal structure of the шин шав 
Hs ent in Stained specimens indicates extensive remodeling. epe - 

си in size, At approximately 15 days of age, а шин i ана 
t эн on the ventral aspect by surface apposition. y d га "n 
Post, 38 evident resorption of bone on both sides E s яв e ys the 
Syn, ia: to the area of insertion of the longus capitis p = rption 

Rondrosis, The combined processes of deposition and resorp 


Tesult + : ither side of the 
ош th А : ike depressions on either 8 { 
Media e formation of troughlike dep he basioccipital a raised 


В ridge, givi | gins of t 
> giving the lateral margin En Its 
a ce. Anterior to the area of resorption, surface ee 
3 a 7; 518 
tiny; creased thickness of the bone sa sadn 2 Tr pm followed 
8 process of deposition at the anterior end of the. uper 
" OTPtion, results in a thinning of the body of the guod: à anied By 
а le bone translucent. Surface remodeling ei priam of the 
inte es in the irabeculae, as indicated by continue Я 


ine! Structure at the base of the median ridge. 


96 MELVYN J. BAER 


| Ч ioccipital, involvi ;»oth con- 
The changes in the structure of the basioccipital, involv ing 2. 
= "ас 5 
tinuous deposition and resorption of bone, are related to factors о 


4 5 imensional 
tension and reduction in bone mass, and are independent of dim 
growth. 


Quantitative Growth of the Skull 


The sites and Processes of growth described in the Sania ni чы 
indicate that dimensional increase of the skull is the result of * мөч 
mental addition at the borders of each center of ossification. At ei 
the bones in the rat skull, with the exception of the occipital ml Bs 
each comprise a single osscous unit. The individual bone, мн. 
the logical unit of study in analyzing the dimensional and propor 
changes occurring during growth. 2. ШІ! 

Since а mathematical analysis of growth rates determining ын sc 
form is not the purpose of this paper, the effect of differential gro 
of individual bones is chiefly demonstrated graphically. Е the 

Measurements of the bones comprising the brain case and 2 the 
frontal and nasal bones in the face Were taken on all specimens цн 3 
Series, oven though the absence of stain suggested earlier me 
growth at specific sites, This procedure makes possible а compar! 


“tative 
of the duration of growth as determined by qualitative and quantita 
methods. 


Differential Growth Rates: Curve. 
the phases of relative. growth 
time per millimeter), it js expe 


mine 
5 of relalive growth. То Е a 
rates (increase in millimeters per semi- 
dient to plot the measurements on d by 
logarithmic Paper. The mean values of the measurements, groupe 
5-day intervals, are Shown in figure 3, studied 
The period of most rapid postnatal growth for all dimensions 8 [ the 
occurs during the first 90 days after birth, as shown by the slope 9. y 
curves. The 11 dimensions show in common an inflection npn 
and 20 days, indicating а decrease in relative rate of growth at ced. 
time. After the inflection the relative Erowth rates are much кык 
The greater Slopes of the relative growth curves before the режет 
period correspond to the accelerating phase of absolute growth comp 
by 20 days of age. 
The relative 


Browth rates are not const 
of the total tim 


е during Whieh the dimen : 
| of each curve may be @pproximated by а straight line, 
Besting that for short pe h 


i 
8 я «ponen 
11008 relative growth adheres to an expo 


404 
Е реті 

ant for any considera т 
sions were studied. 2 sug- 
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formula, the complete curves show breaks indicating successive changes 
in rate of deceleration. 


Curves of absolute growth. Absolute growth curves are shown in 
figures 4, 5, and 6. The decelerating phase of the curves was fitted by 
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0 
^s method of orthogonal polynomials described by Snedecor (746): он 
0 во эр data Were grouped in 5-day intervals, The curves relate 10 : 

growth of the cranial vault and the cranial base respectively. 
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Dimensional change in the dorsal aspect of the skull 


Growth in length of the individual bones. The staining at the sites of growth 
contributing to increase in length of the cranium and the dorsal aspect of the 
face indicates growth throughout the first 100 days of postnatal life. Continued 
deposition of very small increments of new bone is visible in animals injected at 
70-71 days of age and sacrificed at successive periods up to 100 days. 

, Differences in the amount of growth and pattern of deceleration of the indi- 
vidual lengths is revealed in a comparison of the curves. At the 1% level of 
significance the interparietal and parietal lengths are best fitted by a first degree 
curve (д straight line), while the паза! and frontal lengths are fitted by a second 
іре curve (a segment of a parabolic are). These curves (fig. 4) demonstrate 
к constrast in the rates of growth of the interparietal and parietal on the one 
‘and, and the frontal and nasal lengths on the other. Specifically, the inter- 
шм and parietal bones show rapid deceleration during the period of inflection, 
BT by constant, slow linear growth. Тһе frontal and nasal bones show а 
100 : longer period of slow deceleration. Expressed in terms of size attained at 
Pu of age, the interparietal reaches 85% of total length at 15-20 days, the 
0 иь. з at 25 days, the frontals at 30-35 days, and the nasals at 50-55 days 
ino eArison of the calculated attainments of the individual tiones shows ай 
f Ыы gradient of growth in the dorsal aspect of the skull. From the inter- 
Browti bone forward, each bone shows successively a greater total amount at 
-da ч i 100 days, (The length at 5 days of age, the increments of growth by 
table o Periods, and the length at 100 days of age are listed for each bone in 

5) The absolute size attained by each of the bones is related, not to the 
5 days of age, but rather to the position of the bone in the skull. 


Size at 


TABLE 2 


Incremental growth of bones in the dorsal aspect of the skull (mm) 


Вия 
ЕЕ шин NASAL FRONTAL PARIETAL INTERPARIETAL 
LENGTH TH Е LENGTH LENGTIL 1 
Len — = : 
Eth at 5 days 4.60 7.14 3.62 3.99 
nere 
There, 5-85 days 5.49 3.11 2.44 1.93 
“Уш, 20-50 days 2.72 1.39 36 13 
Cas, ` 3 
LN 81-15 days 1.69 89 35 RE 
To) 10-100 days 03 25 55 2 
Ве А 
(8199 лені 10.55 5.57 3.50 2.30 
ays) 
ngt тии 
"s — 1 "T! 
LN t lo days 15.15 wil 149 |, NEN 
845% Over 
4 er gi; 
кар 517 
г cent) 
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52.9%, es eniin ase in size over that at 5 days of age by 48.2% and 
шог change in the Erg base. The measurements of the base here 
лев. e s the growth of the presphenoid, basisphenoid, and basioceipital 
НЫ s: ength of the presphenoid bone cauld not be determined for most of 
Daseri Ei since to do so would have necessitated disarticulating each specimen. 
бие E of ihe growth of the presphenoid, therefore, is based on the values 
rom 6 sectioned skulls. 
e = length of the individual boncs. АП sites of growth deseribed as 
the Social аач in base length show deposition of new bone throughout 
сөшіргіне nie The measurements (0) basioccipital iid basisphenoid length 
(fig. 6) dir degree eurves, characterized by a long period of slow deceleration 
indicate a = ане values ‘of presphenoid length for the 6 sectioned skulls 
be vd. saa of growth similar to that of the other bones in the base. 
в the of the total increment of growth for each of the bones of the base 
Е йг 106 the greatest absolute gain in length occurs in the basisphenoid. In 
percentage increase over size at 5 days of age, however, the greatest 
it is successively less for the basi- 


Telative 1 
ie increase occurs in the presphenoid : 
noid and the basioceipital (table 3). 


TABLE 3 


Growth of the bones of the cranial base (mm) 


PRESPIIENOID BASISPHENOID BASIOCCIPITAL 


EN LENGTH 
ек at 5 days 271 3.16 
Total Dini days 6.72 7.07 6.46 
lins 4.20 4.36 3.30 

5 loy De size at u | 
Уз (per cent) 166.7 " 160.9 104.4 


* 
Т, 
9tal values based on 97 days of age. 


basioccipital bones. The presence 
{ the sphenosquamosal sutures in 
d growth in width of 
of growth, however, 
of age 


of pa in breadth of the basisphenoid and 

imals į bone along the sphenoidal margins о 
the Asis и at varying ages is evidence of the continue 
k пы henoid throughout the period studied. The curve 
fig, 5). Е nsional inerease after approximately 35 days 


argin осетра element shows deposition of new 
Clement, гоц 100 days of age. Union of the basioceipital wi 
"tomes d and is completed by 70 days, W 

f basioccipital widt 


9 significant dime 


bone along the lateral 
th the exoccipital 
egins at 50 days of age hen the ee 

h was therefore 


ifficult to detect. Measurement o 
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attempted only through the 70th day. After the accelerating phase of growth, 
maximum basioecipital width is fitted by a second degree curve, characterizing 
Slow deceleration (fig. 5). 

Growth in height of the occiput. Increase in the height of the occiput occurs 
88 the result of ineremental growth at the exoccipital-supraoccipital junctions 
and at the supraoccipital-interparietal suture. The exoccipital elements begin to 
Unite with the supraoecipital at approximately 45 days, and fusion is completed 
by 60 days of age, when the occipital complex comprises a single bone. Sub- 
sequent increase in height of the occiput results from the slow, continued deposi- 
tion of bone at the superior margin of the supraoccipital through 100 days of age. 

Measurements of supraoccipital height, taken in the midsaggital plane, are 
fitted by a second degree curve (fig. 6). The dimensional increase of supra- 
Occipital height is similar in pattern to that deseribed for the bones of the base; 
апа, as with the bones of the base, approximately 8566 of the total size is achieved 
a% 50 days of age. The total size attained by the supraoccipital represents an 
Merease of 143.8% over the size at 5 days of age (compare table 3). 


Sea Differences. Mean deviations of males and females from the 
Computed values for the total series at 5-days intervals were determined 
for each of the dimensions studied. For the length dimensions of the 
skull, the observed differences between males and females in these dimen- 
Stons are not significant at the 59€ level during the first 100 days of 
Postnatal life. 

А In the breadth of the skull, however, test of the mean deviations 
Mdicates that differences as great as those observed might occur as a 
Tesult of sampling fluctuation alone only 2% of the time for basioccipital 
Width and only 1% of the time for biparietal and interparietal widths. 

Mean deviations, “+” values, and probability (р) of chance occur- 


т 
Өшсе of sex differences are listed in table 4. 


Quantitative Growth of the Skull: Summary. Тһе individual bones 
i the rat skull grow most rapidly during the first 20 days of postnatal 
ў 9. After the accelerating phase the bones of the dorsal aspect of the 
PH Show two dissimilar patterns of growth in length; that is, the 
ав and the interparietals undergo rapid deceleration, followed by 
of Y linear growth, while the nasals and the frontals maintain a pattern 
d deceleration resulting in greater dimensional increase. In con- 
ie. to the vault and face, the bones in the base of the skull exhibit a 
Ete pattern of decelerating growth. 
of d 9mparison of dimensional growth in length reveals that the bones 
org € base undergo a greater relative increase than do the bones of the 
al aspect of the skull, with the one exception of the nasal bones. 


8 
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TABLE 4 


Test for sex differences of the rat skull 


LENGTIL NUMBER MEAN DEVIATION DIFFERENCES 
DIMENSIONS м Е M F Manp F (mm) t цар 
Nasal 50 27 0048 — 1463 211 1.587 -1 
Frontal 50 27 0398 —.1115 1513 1598 18 
Parietal 50 27 .0436 —.0985 1421 1112 09 
Interparietal 50 27 0549 —.0863 1405 1.925 406 
Supraoccipital 50 27 --0004 --.0007 .0543 835 -4l 
Basioceipital 50 27 --0020 --0204 0184 354 78 
Basisphenoid 50 27 0442 —.0689 1131 1084 49 
BREADTH 
DIMENSIONS 
2225 
Biparietal 50 97 0838 — 1041 2479 2.000 41 
Interparietal 50 27 0752 —.1800 2552 2.604 ын 
. 4... 2, 
Basioccipital 47 17 0387 —.1024 1411 2352 0? 
Basisphenoid 50 27 330 —.0348 67 лө 4 
0330 --0348 .0078 m» 


Growth in breadth of the skull at the maximum widths of the parie 
tals and the basisphenoid shows rapid deceleration and completion AA 
approximately 35 days of age. Тһе growth in width of the pur 
part of the skull, however, continues through the first 100 days ш ү” 
During the decelerating phase the pattern of growth in width of 
dorsal aspect of the skull is slightly different from that of the base © 
interparietal width decelerates more rapidly than basioceipital V Jar 
The height of the occiput shows a pattern of dimensional increase sim 


to that of the base, with growth continuing through 100 days of m d 
These data are in agreement with the basic growth pattern T 


= the vault of the rat by Massler and Schour (51). The 
чаш рей to the time of cessation of growth; the байн for 
rep suggest longer duration of growth at the sites respons} 
Increase in length of the skull and height of the occiput. 
Measurement of individu 


indieates the presence of d 
determining 


owt 
al bones, based on the sites of g ens? 


Ё : : inc? 
ifferent patterns of dimension? 


proportional changes in the skull. 
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Proportional Changes in the Dorsal Aspect of the Skull 


: Тһе dorsal aspect of the skull exhibits two major changes in propor- 

tion resulting from differential growth of the individual bones, namely: 
(1) reduction in the relative length of the cranial vault in comparison 
With the length of the face and (2) reduction in the relative width of 
the skull. 


Changes in Craniofacial Proportions. Тһе dorsal aspect of the 
Cranial vault is composed of the interparietal and parietal bones and 
the posterior part of the frontals; the dorsal aspect of the face consists 
of the anterior part of the frontal bones and the nasal bones. Тһе 
Junction of cranium and face at the posterior margin of the frontal 
Slnuses is marked eetoeranially by а transverse depression and endo- 
сташаПу by a ridge of bone. 


TABLE 5 


Relative length of the individual bones in dorsal aspect of skull 
(percentage of total skull length) 


Mum 

DAYS NASAL FRONTAL PARIETAL INTERPARIETAL TOTAL SKULL 

5 23.77 36.90 18.71 20.62 100.00 

10 24.30 35.57 20.25 19.88 100.00 

15 26.76 33.21 19.98 20.05 100.00 

50) 32.12 31.68 18.37 17.83 100.00 

50 34.70 31.54 17.37 16.39 100.00 

70 36.13 31.31 16.98 15.58 100.00 

100 36.71 30.80 17.25 MI 100.00 


The Sequential ehange in craniofacial proportions is demonstrated 
ы Comparison of the relative size of the individual benes. Table 5 
o the percentage of total skull length contributed by each of the 
in у аё different ages. Тһе pattern of change is shown graphically 

Bure 7, 
The first 15 days of postnatal life are the period of greatest relative 
9f the cranial vault (fig. 8-В). During this time the parietal bones 
the interparietal remains 
] portion of the frontal 


total bone undergoes à 


Size 


ow 3 4 
essent, small increase in relative size, while 
bones У unchanged. Although the crania 

- E'ows in conjunction with the vault, the 
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marked decrease in relative length, owing to the comparatively slow 
growth at the frontonasal suture. The nasal bones show an increase of 
only 3% of total skull length from 5 through 15 days of age. . 
After 15 days of age, however, there is a shift in trend, resulting 
in a progressive increase in relative face length over cranial length. 
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M ра : 

ae M abe a in the size of {һе nasal bones. Тһе nasals 
Telative size нэни E 9 be dorsal aspect of the skull showing increase in 

The вне s} y of age (table 5). 

aspect didi exin gradient of dimensional inerease in the dorsal 
tional dires 3 е noted in the preceding section is reflected in propor- 
Parietal shows 5 т from 15 through 100 days of age; the inter- 
the frontals ү a relative decrease of 4.81%, the parietals of 2.73%, and 
hag ONIS 9,05% of total skull 


Chan 


t; while the nasals increase 


change 2 un the Length-Breadth Proportions of the Skull. The 
days or pae of the length-breadth dimensions during the first 100 
Tat skull oe to the progressive dolichocephalization of the 
Ago, while oe growth in biparietal width is completed by 35 days of 
| days A неш in length of the vault end face continues through 
Parietal Pli Эн Continued growth of interparietal width after bi- 
M “арай { ceases results in a squaring off of the posterior end 
] vault. Biparietal width, which decreases 16.28% of total 
lative decrease in size than 


engt] 

?ength, therefor 

068 į › therefore undergoes a greater re 
% of skull length 


nterpariata] м 
Тон. Parietal width, which decreases only 10.97 


ло TO 100 days of ee 
“ааг, di А days of age. Table 6 shows the relative size of the two 
mensions at different ages. 
TABLE 6 
Relative width of the skull 
(percentage of total skull length) 
Day 
d BIPARIETAL WIDTH INTERPARIETAL WIDTH 
"s 53.33 38.71 
15 53.88 87.92 
Ea 51.74 37.87 
50 44,59 32.90 
70 41.42 30.10 
100 33.80 28.55 
37.05 27.14 
Bs 
Crap; in + 
ni he à ive si the 
the 2. Ний on of cranial length, the greatest relative ШЕ aue 
ан, noth occurs during the first 15 days of life. The tac 


ИЯ 1 
Хе % Imension . 5 : ege from 5— 5 days 
lons show little relative decrease 1n size from y 


е тарі : 
rapid lateral expansion of the bram case. 
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- length: total length of the basioceipital, basisphenoid, and presphenoid 
ones, 


Vault 1 | | — 
ength: total length from the posterior margin of the interparietal bone 


to the posterior border of the frontal sinuses. 


Pace length: total length from the posterior border of the frontal sinuses to 


th 5 " 
пе anterior margin of the nasal bones. 
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TABLE 7 


A. Dimensional increase of base, rault, and face (mm) 


c" 
— UMEN BASE LENGTH VAULT LENGTH FACE LENGTH 
» 3.54 11.20 7.02 
10 9.72 12.34 8.22 
2! 11.58 14.78 10.54 
20 14.22 16.32 14.66 
P 17.94 17.56 19.84 
= 19.64 1846 22.12 
В s 
+ Relative size of base and face (percentage of vault length) 
Day 
5 BASE LENGTH /VAULT LENGTIL FACE LENGTH /VAULT LENGTH 
" 
4 18.93 62.68 
Pa 18 ТТ ШЕШ 
A "à 71.31 
87.13 39.88 
50 imu 112.98 
il dis 119.83 
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Though the percentage ratios tend to emphasize the difference in 
relative magnitude of growth in these dimensions, a comparison of the 
ineremental growth curves reveals that face length and base length 
follow a similar pattern of dimensional increase at variance with that 
indicated for the length of the vault (fig. 9). In terms of age intervals. 
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Fig. 9. INCREMENTAL GROWTH оғ Facr, BASE, AND VAULT ім SKULL OF THE 
Rar. 


both face and base show the greatest increase in length from 29 to 50 
days of age, whereas the largest incremental increase of vault length 
occurs from 10 to 16 days of age. (This statement does not mean that 
the rate of growth of each of the segments is most rapid during the 
periods representing greatest dimensional increase, since the age intervals 
are obviously unequal.) Although face length grows more than base 
length at every age interval, the form of the incremental curves for 
these dimensions is nearly identical. Тһе fact that the incrementa 
increase in vault length occurring from 10 to 16 days of age is appre 
ciably greater than that of the base during the corresponding period 8 
responsible for the percentage decrease in base length. 
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Comparison of the ratios of the relative growth rates of the several 
dimensions further demonstrates a relationship between the patterns of 
growth for the faee and base as contrasted with the vault. When the 
measurements of vault length are plotted against those of either face 
length or base length, on double-logarithmie paper, a curvilinear relation- 
ship is found, indicating change in the ratios of the relative rates of 
growth. However, when face length is plotted against base length the 
resulting curve approximates a straight line, showing that the ratio of 
the relative growth rates for these dimensions approaches a constant 
(fig. 10). Тһе slope of the line indicates that face length has a greater 
rate of relative growth. 
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Since even adjoining bones show a changing spatial relationship 
during growth, a single bone, the basisphenoid, has been selected as 
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determining the point and plane of superposition and orientation. The 
skulls are oriented on the long axis of the basisphenoid and superimpose 
on the center of growth in length of that bone. 
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After the major expansion of the cranial vault during the first 20 days of life, 
the more sustained growth of the bones comprising the base and the face nestles 
in a progressive modification of the skull toward a low, flat-vaulted dolicho- 
cephalic form. : 

In the base continued growth at the spheno-occipital synchondrosis results in 
the unbending of the occiput, elevation of the interparietal, and consequent 
reduction in eurvature of the vault. The important factor in this modification is 
the greater increase in length of the posterior part of the base (basioccipital) P 
compared to the posterior portion of the vault (interparietal). The backwar 
movement of the basioccipital swings the exoccipitals and the supraoccipital out 
from the base. Since the interparietal must be maintained in articulation with 
the supraoccipital, the interparietal is elevated at the posterior margin until it 
forms nearly a right angle with the posterior wall of the vault. The fact that 
the basioccipital element is also elevated with the occiput is evident in а сош- 
parison of midsaggital sections (fip. 11). These changes transform the base from 
а dorsally convex strueture at 5 days of age to one slightly convex ventrally at 
100 days of age. 

The changing base-face relationship deseribed earlier is continued through 
100 days of age. The anterior end of the base is projected forward faster than the 
vault, owing to the greater addition of bone at both ends of the presphenoid than 
at the frontoparietal suture. The rotation of the ventral margin of the eribiform 
plate of the ethmoid toward an increasingly vertical position takes place т 
conjunction with the elongation of the base, 

Since the frontomaxillary suture is curved backward and downward, growth 
at the upper, more vertical, part projects the face forward, while growth at the 
lower, more horizontal part moves the alveolar arches downward and forward. 
Growth at the sphenoid buttresses of the maxillary tubercles after the eruption 
of the molars deflects the posterior part of the dental arch ventrally. The com 
bined effect, therefore, is one of continued rotation and elevation of the face into 
a plane more closely approximating that of the vault. 


DISCUSSION 


The data reported in preveding sections are here discussed in terms 
of their relevance for: (1) the nature of the growth processes and their 
methodological implications for the analysis of cranial form and (2) the 
significance of’ growth patterns for the interpretation of the factors 
influencing the form of the mammalian skull. 


Processes of Growth in the Skull. То assess the changing form and 
proportions of the skull during ontogenctic development, attention must 
be directed toward determining the units of growth and the sites of 
bone deposition, rather than toward the histological nature of bone 
growth per se. In this connection, the proper selection of measurements 


depends on whether the skull grows essentially as a single unit, owing 
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to surface apposition and resorption, as claimed by Brash (734), or 
Whether increase in the size of the skull is the result of separating growth 
by ineremental addition at the margins of the individual bones, as con- 
cluded by Massler and Schour (251). 

The findings here reported, derived from application of the vital- 
staining technique, indicate that both processes are operative in effecting 
an increase in the size of the rat skull, although they are of greatly 
unequal significance. Thus the individual bones (or the individual 
elements of a bone complex such as the occipital) comprise the units 
of incremental growth in the cranial vault, the cranial base, and the 
face, while the growth of the zygomatic arch, as a unit, results from 
the continuous surface apposition on ihe lateral aspect and surface 
resorption from the medial aspect. The arch of the rat is thus con- 
tinuously reconstituted of new bony material during the course of lateral 
Stowth, in a manner very similar to the pattern of growth deseribed by 
шог? the zygomatie arch of the pig. Even in ан тамы 
additio in length of the zygomatic arch takes place by 

n at the sutures. 
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species. For example, in the rat the incisors extend along the entire 
ventral aspect of the body of the mandible; therefore surface apposi- 
tional growth of the alveolar bone at this site contributes considerably 
to the height of the mandibular body. 


In the pig, however, the less specialized dentition is confined to the 
superior aspect of the body of the mandible, and Brash (34) reports 
that the ventral aspect of the body does not comprise a site of bone 
growth contributing to an inerease in the height of this structure. Aside 
from these differences, which are directly related to the specialized 
nature of the rat dentition, the mandible in both animals shows essen- 
tially the same sites and modes of growth. The relative massiveness of 
the skull in the species selected for study must also be considered. Thus 
the thin-boned cranium of the rat will demonstrate little surface apposi- 
tion, while the heavy, thick bones of the pig cranium are the result of 
extensive surface apposition. 

By measuring the total increment of bone deposited at each suture, 
Massler and Schour (751) clearly demonstrated that proportional changes 
in the vault are due to unequal growth at the different sutures. The 
data here reported, however, indicate that the size of the increment 
contributed by each of the adjoining bones at a common suture is not 
always the same. In the case of the paricto-interparictal suture, particu- 
larly, the increment at the posterior margin of the parietal bones 1$ 
roughly twice as large as that at the anterior margin of the interparietal 
bone. 

Тһе interpretation of Massler and Schour (51) is that the inter- 
sutural trabecular growth is a response to tension caused by the intra- 
cranial pressure exerted by the expanding brain. However, the fact that 
differential growth takes piace at a common tension line (suture) 
suggests that intracranial pressure is not the only factor controlling the 
growth of the bones in the cranial vault. It is possible that the centers 
of ossification have an individual specificity in terms of growth potential. 
This point has implications for the measurement of differential growth 
in the skull, since a single measurement of the total increment at 2 
given suture may confound two different rates of bone deposition. 

Thus far interpretation of the processes of growth revealed by the 
vital-staining technique has centered on the mechanisms by which 
increased size and proportional changes in the skull take place. 
related problem concerns the mechanisms responsible for the change? 
in cranial form occurring concurrent to changes in proportion. Several 
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authors, as cited by Murray (736), advance the hypothesis that as the 
radius of the cranium is increased the curvature of the individual bones 
must be reduced. Weinmann and Sicher (747) and Brash (734) contend 
that the flattening of the are of each bone is accomplished by a process 
of differential apposition and resorption on the outer and inner surfaces 
of the vault, while Mair (26) is of the opinion that only differential 
apposition occurs on both surfaces. 

Neither of these interpretations is corroborated by the pattern of 
bone deposition observed during the extensive longitudinal flattening of 
the rat vault. No evidence was found of resorption from the surfaces 
of the vault or differential apposition sufficient to account for the radical 
changes in relationship of the vault bones during the first 100 days of 
Ше. To postulate that the mechanism responsible for the extreme 
flattening of the rat vault comprises a surface phenomenon, one must 
assume complete reconstitution of the component bones by successive 
replacement of the bony material. 

An alternative hypothesis is offered here: that the changes in form 
of the rat skull are the result of spatial reorientation of the individual 
bones, and that the differential growth of the inner and outer cortical 
Plates observed at the sutural margins represents the mechanism of 
adjusting the changing relationship of adjoining bones. The relative 
Significance of unequal growth of the cortical plates in modifying cranial 
form could be tested by microscopic measurement of sections through 
the sutures of stained specimens of different species. 

The evidence indicating the sites of cranial growth, as revealed 
through experimental investigation, greatly simplifies the problem posed 
by Reeve and Huxley (746) concerning the unit of growth regarded as 
а basis for exploring allometrie relationships or differential growth in 
Бепега], For the analysis of relative growth as a mechanism of evolu- 
tionary change (Simpson, ^44), particularly in the case of paleontological 
Materials, where determination of growth increments is impossible, the 

iameters of individual bones in the skulls of related groups may be 
Measured. In the case of laboratory animals, however, determination 
of the increment of growth at specific sites and at particular time periods, 
made possible by the vital-staining technique, permits the study of 
ifferential growth rates within a single bone. Further, this approach 
Opens an avenue for the study of the related problem of the existence 
м Sradients of growth in such structures » the Jes ды qoe 
Suggested by the work of Thompson (17) and discussed by y 


C32) and Child (41). 
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In selecting points or planes for superpositioning serial tracings of 
skulls, prior analysis by the vital-staining technique indicates the sites 
of active bone deposition responsible for directional growth in the skull. 
Selection of points for superpositioning therefore need not be based on 
conventional landmarks assumed to maintain a stable position in the 
skull. Rather, the investigator can take account of the directions of 
growth and changing spatial relationships of the bones in the particular 
species under consideration. In this connection it is important to recog- 
nize that.an anatomic landmark that shows no evidence of bone deposition 
cannot for that reason be assumed to be a fixed point in the skull. 

For example, the point basion in the rat is shifted posteriorly, owing 
to addition of bone at the spheno-occipital synchondrosis, while there is 
no evidence of addition of bone at this point proper. In the rat, more- 
over, the conformation of the cranial vault undergoes considerable 
modification after growth in this region is essentially completed, owing 
to accommodation of the bones in the vault to continued growth of the 
base. 

These facts illustrate the complexity of selecting points in the skull 
as a basis for establishing a plane assumed to have interspecific validity. 
Since the complex changing spatial relationships of the bones in the 
skull are a function of different rates of growth at all sites contributing 
to incremental growth, selection of a basis for superpositioning ulti- 
mately leads to the conclusion that successive growth changes сап be 
viewed only in reference to a single bone in the skull. As Krogman (81. 
р. 414) remarks, “ there are, as far as we know, no two points in head 
and/or face which, during growth, stand in unvarying relation to one 
another." : 


Patterns of Growth and Change in Form of the Skull. The growth 
pattern of the rat skull is the result of two basic systems of growth : 
(1) early rapid expansion of the brain case in conjunction with the 
growth of the brain and (2) slower growth of longer duration, resulting 
in elongation of the cranial base and forward projection of the face 
These systems are evidenced by the growth curves of the individual 
bones comprising the vault and the base-face complex and by the dura- 
tion of active bone deposition at specifie growth sites, as revealed ЪУ 
alizarin staining. 

Тһе changing form described for the rat skull is а function of the 
sequential influence of these primary systems of growth. During the 
first 20 days of life rapid growth of the brain is the major facto" 
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deme cranial form. After the early expansion of the brain case, 
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Period (to 38 ее rapid growth of the brain during the infantile 
respectively) ; ^ 90% of adult size for chimpanzee and orangutan, 
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“The increase noted is the measure of the backward and upward swing 
of the foramen magnum.... Here the period just preceding and suc- 
ceeding the eruption of the first molar is the time of greatest movement, 
and again just before the eruption of the third molar, at a iim 
the superior portion of the occiput of the male skull is being sh 
pulled forward and up, shifting the inferior portion backward and up.” 


e when 
arply 
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These modifications take place, it should be noted, after the period 5 
rapid cranial growth, during which the brain was the chief determin??" 
of cranial form. 

The form of the human skull, in contrast to that of the а 
appears to undergo relatively little change during ontogeneti 
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ment. Оп the basis of a serial roentgenological study of the same 
individuals from three months to 8 years of age, Brodie (741, p. 251) 
concluded that “the morphogenetic pattern of the head is established 
by the third month of postnatal life, or perhaps earlier, and that once 
attained it does not change.” 

Brodie’s conclusions reinforce the findings of such comparative anat- 
omists as Welcker, Bolk, Schultz, Weidenreich, Krogman, and others 
concerning the relative stability, in the modern human skull, of the 
Position of such structures as the foramen magnum, the orbits, and the 
cranial base, and of the general configuration of the cranium. Thus it 
1$ evident that a much closer correspondence exists in the growth rates 
of the component structures of the skull in man than is to be found in 
those of anthropoids. 

However, certain facts suggest that modern man reflects the same 
pattern of early cranial expansion and subsequent more sustained growth 
of the cranial base as that found in the anthropoids, although in lesser 
degree, Thus Scammon (730) indicates that by 8 years of age (the age 
at which Brodie’s study was terminated) the brain has completed 95% 
of its total growth, and the data of Simmons (744) show that approxi- 
mately 9496 of adult head length and breadth have been attained at 
this age. Count’s (42) analysis of Brodie’s data on the cranial base 
Mdicates that at 8 years of age the lengih of the base from sella turcica 
Posteriorly has a higher rate of growth than the anterior cranial floor 
22 sella turcica to nasion; and further, that the rate of growth of the 

terior length decelerates more rapidly. 

P robably related to the more sustained growth of the posterior part 
of the base is the fact that the cartilaginous plate at the spheno-occipital 
Synchondrosis is not completely replaced by bone until approximately 

® 18th year of life (Weinmann and Sicher, 47). | 
hese facts are highly suggestive of the influence of differential 
STOWth in cranial vault and cranial base in bringing about the slight 
° ongation of the head observed during growth. They warrant further 

Study of ontogenetic changes in form after cessation of brain growth. 
e Тһе interpretation here advanced is in conflict with Weidenreich’s 
t at) theory, namely, that the brain is the sole determinant of form in 
© Mammalian skull and that the enlargement of the brain has a 
of essing influence on the growth of the face. However, a consideration 

Ша changes in form, both ontogenetie and phylogenetic, detailed by 

*ldenreich for various mammalian groups shows no essential incom- 


atibi]; 
tibility with our interpretation. 
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Further, the data on microcephalic subjects discussed by Weidenreich 
himself furnish evidence of the importance of the growth of base and 
face in determining cranial form. Weidenreich illustrates the skull and 
endocast of a Basuto microcephal (his figures 40 and 43) and describes 
the “anthropoid characteristics” of the skull. He remarks (p. 396) 
that “the form and proportions of the brain . . . fail to show any 
appreciable differences when compared with the normal human brain." 
The form of this skull and microcephalic skulls in general he attributes 
to the fact that the brain grew to only a small size. Such an explanation 
accounts only for the absolutely small size of the vault. Тһе ultimate 
form of the microcephalic skull is due rather to continued growth of 
face and base to nearly normal size after the arrest of brain growth. 
The accommodation of arrested vault growth to the continued growth of 
the base is reflected in Weidenreich’s (^41, pp. 393, 394) comment con- 
cerning one of the skulls he describes, that “it is of great interest that 
there is no indication of a deflection of the cranial base as is characteristic 
of man but that its axis forms a perfectly straight line as in gorilla.” 
(See his figures 29 and 42.) | 

The more extreme condition in which the brain is absent (anen- 
cephaly) further illustrates the independence of the base-face complex 
during development. Пе Beer (787, p. 485) states: “In such skulls 
there is no cranial vault at all, and the bones which would normally 
form it are present but extremely small and abnormal. On the other 
hand, the bones of the skull-base (basioccipital. basisphenoid. periotic. 
ete.) are fairly normal, as are those of the face.” 

Conversely, the data drawn from other types of pathological con- 
ditions, such as achondroplasia, in which the growth of the base 18 
arrested, present a situation where the expansion of the brain constitules 
the sole determinant of the form of the skull. In such instances the 
failure of the base-face complex to elongate leaves the skull in а globular 
form, with а highly arched base and a depressed nasal region. Jt 
significant that in describing the alterations required to correct the 
deficiencies in the form of the achondroplastie skull, Stockard (4 
details a series of changes in exact reverse to those postulated by Weiden- 
reich as having occurred in human phylogeny. 

_ Turning more directly to the problem of interpreting the ev 
tionary changes in human cranial form, it would appear that the pro 
gressive brachycephalization of the hominid skull cannot be regardet 
simply as a function of an allometric growth relationship, in whic? 


olu- 
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т» is the independent variable and the face the dependent variable. 
gas a interpretation reduces the form of the skull to a single system 
growth in which the face has no adaptive significance. 
is Es us presented here suggest, rather, that the form of the skull 
harily the result of the interaction of two functional systems of 
her} If an allometrie relationship is present in the skull it would 
“сар, о relate the base to the face, rather than the brain case to the 
diac ^ of the eausal determinants of cranial form, the brachy- 
«охь ion of the human skull would appear to be the product of an 
Ia re trend in which the size of the brain and the size of the face 
differential selective value. 


SUMMARY 


of ee of this study was to determine the processes and systems 
mental x Ie ee the form of the mammalian skull. The experi- 
red 8 ein пине of staining the growing bone in the rat with alizarin 
growth m n. in order: (1) to reveal the specific sites and modes of 
the iia o tiig in an increase in the size of the skull and (2) to assess 
T s of differential growth at these sites in modifying cranial form. 

пе following findings are reported : 
ч „нө in the size of the skull takes place as the result of two 
ls de sra The enlargement of the brain case and the face is 
“НА би аан» growth at the өшіштев and at the synchondroses by 
Бош al addition at the margins of each center of ossification. The 
On the Тен arch grows as a single unit by continuous surface apposition 
individu н aspect and surface resorption from the medial aspect. The 
Cage al bone, therefore, comprises the unit of growth in the brain 
and the face. 


у dig robortionat changes in the brain 

е аан growth at the sutures and 

lamet vidual bones. Differential growth thus 1% nges 

etwe ers within the individual bones and also in unequal size increase 
en the component bones of the brain case and the face. 


3. А 
Modifications in the cranial form of the rat are caused b 
on among individual bones 


Differential growth of the 
tural margins is the mechanism 
No evidence 


i 


case and the face are effected 
at the synchondroses joining 
hus results in changes in the 


y spatial 
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was observed of resorption from the surface of the cranial vault or 
differential apposition sufficient to account for the radical changes in 
relationship of the vault bones during the first 100 days of life. 

4. The growth pattern of the rat skull is the result of two basic 
systems of growth: (a) early rapid expansion of the brain case in 
conjunction with the growth of the brain and (b) slow growth of longer 
duration, resulting in elongation of the cranial base and the face. These 
systems are evidenced by the growth curves of the individual bones 
comprising the cranial vault and the base-face complex and by the 
duration of active bone deposition at specific growth sites, as revealed 
by alizarin staining. Тһе changing form described for the rat skull 
is a function of the sequential influence of these primary systems of 
growth. 

5. Reference to the literature on the ontogenetic development of 
anthropoid and human skulls shows that the systems of growth 
described for the rat represent deep-seated factors affecting cranial 
form. Examination of ontogenetic changes in the form of the skull 
of the chimpanzee, the orangutan, and the gorilla reveals а pattern of 
early, rapid cranial expansion, followed by ‘more sustained growth of 
the cranial base and the face. Тһе interaction of these two systems of 
growth results in flattening and progressive elongation of the eranium 
of the anthropoid, accompanied by backward migration of the foramen 
magnum and elevation of the occiput. Related data on human mico- 
cephalic, anancephalie, and achondroplastie subjects further substantiate 
the existence of two basic systems of growth and the influence of growth 
failure on the part of either system on eranial form. 
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ОМ THE RELATIONSHIP BETWEEN MENARCHEAL 
AGE AND ADULT BODY STRUCTURE 


BY LENNART JACOBSON 
Department of Anatomy and Department of Obstetrics and Gynecology, 
University of Lund, Sweden 


INTRODUCTION 


we the advent of puberty the infantile body-build begins to 


the Мы in a masculine or feminine direction. The nature of 
Somatom, Ps Sex differences in adult body-build has been investigated 
eynolde Шоу by Wolff and Steggerda (713), Bayley and Bayer СЕ 
Lindo in. ( 18), Tanner (751), Edwards (751), Garn and Saalberg (58), 
tho etd (758) and others. "The adult female body-build differs from 


© mg : 
мы especially in the following respects. In females the long-bone 
tissue p the degree of skeletal sturdiness and the total amount of muscle 


Ssue д | 
re smaller than in males, while the thickness of the subeutaneous 


Е 
in t is larger. In addition the sexes differ with respect to the pro- 
iti females the upper extre- 
Further, females have a 
al breadth as well 


ны certain body dimensions. In 
Uger Mate бө? in proportion to the lower. у 
88 to lac breadth in proportion to the bi-acrom! 
€ lengths of the long bones. 

Purpose of the present study was to ascert 
tionship exists between the age of menstrual 


a 
b 
ody structure, 


ain to what extent 
onset and the adult 


e 
NY ve 
female 


MATERIAL 


The: | 
E i eH тіс 
аңа p ÜVestieation was based on a material consisting of somatomet 


"пе , 
The ^ йода] data concerning 300 adult Norwegian hospital — 
Ste. АЙТА] was collected and published by Schistz (726). The $ 


E Ped есі differences 
6 „хез. by Lindegird (758) for an analysis of sex diffe 
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Тһе ages of these women ranged from 20 to 34 years, the mean being 
23.6 years. Sixty-nine per cent belonged to the age group 20-24 years; 
only 1.296 were more than 30 years old. 

Data about the age at which menstruation initially occurred were 
available in 288 cases. Concerning the remaining 12 cases figures were 


Мо. oF CASES 
9 
70 
50 
30 
10 
П 2 B 4 B B p 18 ~~ years 
-36 -26 -6 M +6 +26 +36 
MENARCHEAL AGE 
Fig. 1. 


COMPARISON BETWEEN THE FREQUENCY DISTRIBUTION OF THE 
MENARCHEAL AGE AND THE NORMAL DISTRIBUTION CURVE. 


lacking or uncertain. The menarch 


В. 
eal ages ranged from 11 to 18 22 
the mean being 14.2 + 0.1 y 


, years: 
К ears with a standard deviation of 1.4 ju" 
The frequency distribution of the menarcheal age agrees visually W 
with the normal frequeney distribution (figure 1). 


METHODS 


Body structure was analysed according to a method devised ы. 
Lindegird (553). 5 


Ч ки 0: 

Сават This method somatometrically rates the position i 
an individual on scales for certain continuous variables. The syste " 
comprises 4 variables, called length, sturdiness, muscle and fat factor 
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referring to the amount and distribution of bone, muscle and fat tissues. 
А new method, devised by Lindegürd (753) for partial correlation and 
Tegression, was used to calculate the individual values of these and other 
measures of body structure. The calculations are illustrated by the 
following example. 

In the present series the regression of the hand length on the radius 
length is satisfied by the linear function Y = 0.34Y + 8.9, in which X 
denotes the radius length. From this regression the difference between 
the hand length and corresponding regression mean is determined. In 
this way the residual hand length after elimination of its interdependence 
with the radius length, i.e. F hand length (radius length), is obtained 
for each case. The residual expresses the divergence of hand length in 
an individual from the average hand length of persons with the same 
radius length. By determining the residuals for every case in the series 
а residual distribution is obtained. The residuals can be subjected to 
New correlation or regression analysis with regard to either absolute 
dimensions or other residuals (cf. fat factor below). 

" bos following measurements or residuals represent ihe different 
Ctors: 


length factor: radius and tibia lengths, 
sturdiness factor: the residuals F hand length (radius length) 
and Р foot length (tibia length), 
muscle factor: strength of hand grip, 
fat factor: the residual F body-weight ( 


ате ries was arbitrarily divided into th 

(menar eal age. Below, these groups are called t 
chan age 11-13 years), the “ median group 

Years) and the “Jate group" (menarcheal age 15-18 years). 

е analysis of the fat factor two cases (belonging to the early 

Vere excluded because of obesity. The fat factors of those rio 

(equa 18.8 kg. (equal to +3.6 standard deviation units) and +26.5 E 
to вл standard deviation units) respectively. These two cas 


Cre а bun 
: ә : Е 2 Ұн he bi-iliae 
Мад, өзендей in the analysis of the relationship between the 


stature, muscle factor). 


pee groups according to 
» 

he “early group 

> (menarcheal age 
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RESULTS 


The mean values of certain measurements and residual expressions 
were calculated for each one of the three menarcheal age groups. The 
result obtained are summarized in table 1. 


DISCUSSION 


Significant differences in magnitude of length and fat factors were 
found between the early and late groups. In the early group the length 
factor was smaller, while the fat factor was larger. 

The differences between early and late groups in sturdiness and 
muscle factors did not reach the level of statistical probability. How- 
ever, it should be pointed out that the median group had a smaller 
sturdiness factor than did the late group. That difference was statis- 
tically probable ( = 2.0%), but the difference between the values of the 
sturdiness factor in the early and median groups was not (/ = 0.5). 

The relation of menarcheal age to body configuration was studied by 
ei and Stone (736), the body-build then being registered typo- 
Mio according to Kretschmer. The results obtained by these authors 
"gested a tendency of females with an early menstrual onset to develop 
кетінің the pyknie type, and of females with a late onset to develop 
ен the leptosomatie type. "These assumptions are supported by the 

й Ulis obtained in the present investigation, as, according to Lindegàrd 
n the pyknie type corresponds to an individual with small long-bone 
"s 15 and relatively large amount of body-fat, and the leptosomatic 
2 to an individual with large lengths of the long bones and a relatively 
Mall amount of body-fat. 

The results of the present investigation indicate that, concerning 

length, fat, and sturdiness factors, women with a relatively early 
Menstrual onset tend to develop a more pronounced “ feminine " adult 

ody structure than do women with a relatively late onset. 
ks Чи View of these findings the menarcheal age groups were analysed 
regard to body build proportions which vary with sex. 
TN he proportion between the radius and tibia lengths did not show 
in | probable difference between the early and late groups. However, 
tibia e median group the radius length was smaller in proportion to the 
length than in the late group. This difference was significant 
— 3.1**). The corresponding difference between the early and 


Median gr ally probable (¢ = 1.3). 


oups was not even statistic s E 
adius and tibia 


hus, an analysis of the proportion between the т 
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lengths also suggested that women with an earlier menarcheal age le 
develop а more pronounced * feminine " adult body-build than do wo 
with a later onset of menstruation. Á—? 

The proportion between the bi-iliae breadth and the Заза n 
breadth is a marked sex-characteristic. Further, Lindegird ( 53) showe 
that the bi-iliac breadth in proportion to the long-bone lengths is larger 
in females than in males. In the present investigation, however, no 
differences were noted between the menarcheal age groups concerning 
these proportions. 

SUMMARY AND CONCLUSION 


A series of 288 Norwegian adult women was studied for any зай» 
tionship between the age of menstrual onset and adult body ier 
The results obtained indieate a tendency of individuals with an ne 
menarcheal age to develop a more pronounced “ feminine ” adult body 
structure than do individuals with a late début of menarche. The 
menarche being an estrogen mediated phenomenon it might also be 
concluded that individuals with an early onset of the pubertal estroge? 
incretion tend to acquire a more “ feminine” adult body build than do 
individuals in whom this onset is late. 
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THE SEX RATIO OF NEONATAL DEATHS IN JAPAN 


BY EIJI TAKAHASHI 
Department of Hygiene and Public Health, 
Hirosaki University, Japan 


HE number of neonatal deaths by sex and age during 1941 and 

1. 1942 was published in “Japanese Vital Statistics” (41, 42). 

Since World War II the statisties have been published annually. 

( Japanese Vital Statistics,” “47, 48, 749). The system of classification 

of cause of death was altered in 1950.1 The present observation on the 

Sex ratio of neonatal deaths by age and discussion of causes of death is 
therefore limited to 1941, 1942, and 1947-1949. 


SEX RATIO OF NEONATAL DEATHS BY DAYS OF AGE 


I The sex ratio was expressed as the number of males per 100 females. 
n the calculation of age, deaths on the first day means deaths on the 
DM the baby was born. "Тһе sex ratio of neonatal deaths was observed 
: the first 5 days, every 5 days from the sixth to the thirtieth day, 
nd thereafter, monthly. 
in sex ratio of deaths in the first anè the second days is between 
rati 182 as is shown in figure 1. For deaths on the third day the sex 
fo 10 is the highest, and it shows almost 140-150. For deaths on the 
4. day the ratio decreases and approaches that of the first or the 
ie day. For deaths between the fifth day and the sixth-to-tenth 
АА (1948-1949) or between the fifth day and the cleventh-to-fifteenth 
n^ (1941, 1949 and 1947) the ratio diminishes to under 120, but 
ab Teafter it usually shows а small rise to 120—130. And then, from 
Sut the end of the first month, the ratio falls gradually to the end of 
е first year. 


1 қ 
In Japan parents or relatives register births by notifying the proper authority. 
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Notwithstanding the fact that the sex ratio of infant deaths after 
the age of one month varies according to the current of the times, the 
Sex ratio of neonatal deaths shows an almost constant, typical process. 
The most remarkable feature is the high sex ratio of deaths in the third 
day, which is shown also in Pfaundler's (41) data. The calculation of 
the age by days is done by calendar age in the Japanese manner, there- 
fore, deaths in the third day may include the deaths from 24 hours and 
а few minutes to about 72 hours. 


SEX RATIO OF NEONATAL DEATHS ВУ DIFFERENT CAUSES 


It might be expected, if there were a dominant cause of neonatal 
death with respect to one sex, that the high sex ratio of deaths in the 
third day would be effected by some specific cause. 

The chief causes of neonatal deaths described in vital statistics of 
1947-1949 аге congenital debility, premature birth, congenital mal- 
formation, injury at birth and other diseases peculiar to the newborn 
and infants, as shown in figure 2. Pneumonia, bronchitis, diarrhea and 
enteritis, etc., are not as prominent as formerly as the cause of neo- 
natal deaths, especially deaths in the first week. 

The total number of deaths in the first day is smaller than in the 
Second or in the third day, since the calculation is done according to 
calendar age, Congenital debility was always the cause of the most 
number of deaths in the first month, and the age distribution of deaths 
i Congenital debility is most similar to that of deaths for all causes. 

6 sex ratio of deaths for congenital debility has its peak in the third 

ау, and there is a small rise in the latter half of the first month, as 
Shown in figure 3. For premature births the number of deaths in the 
third day is not larger than that in the first or in the second day, and 

© вех ratio of deaths in the third day is not so high as in the first day. 

Ne age distribution of deaths for congenital malformation is similar 
9 that for congenital debility, and the sex ratio of deaths for congenital 
Malformation has also a curve similar to that for congenital debility 
Until the end of the first year, but there js a considerable rise in the 
latter half of the first month. The number of deaths caused by injury 
at birth diminishes suddenly a few days after birth, but the sex ratio 
M the third day is the highest of all causes. The number of deaths for 
an i diseases peculiar to the newborn and infants is larger in ren 
i the fourth days than in other days, and also, the sex ratio is ng 

1 these days. 
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The sex ratio of neonatal deaths for most causes, except for premature 
birth, save a similar type of age distribution. "That is, the sex ratio of 
deaths in the first or second day is not as high as that in the third day; 
then the ratio shows a rapid decline for some days followed by a gradual 
rise in the latter half of the first month. 


DISCUSSION 


Neonatal deaths could be considered as the continuation of stillbirths. 
The fact that the sex ratio of stillbirths rises from the seventh to the 
ninth month of gestation was recognized by Сіоссо (738) and McKeown 
and Lowe (751), in data from the United States and England. The 
same tendency is also found in Japan (Maruoka, 52). Figure 4 La 
the sex ratio of stillbirths by months of gestation from the data of 
Japanese Vital Statisties of 1939-41. "Though the sex ratio of still- 
births under 5 months of gestation seems very high, from 5 to 8 months 
of gestation the ratio is almost constant at 110-117; and from fetuses 
of 5 month and over, the percentage of sex unknown falls down under 
1%. In the ninth month of gestation the ratio rises significantly 10 
about 126. This sex ratio of stillborn fetuses is very near the sex i^ 
of neonatal deaths in the first day. The connection of the sex ratio 0 
stillbirth and of neonatal death suggests that these deaths should be 
understood as perinatal deaths. 9 

Why is the peak of the sex ratio of neonatal deaths in the third day: 
Here we might examine at first the influence of notification. Different 
certificates are required in Japan for stillbirths and for live births. Some 
who die during the first few hours may be listed as stillbirths oe 
saving the bother of a second certificate), especially in rural distric é 
Dut this is no reason to conclude that the peak of the sex ratio 18 а 
cultural rather than a biological phenomenon, since there is no evidenc? 
that the deaths of male babies are reported more often as stillbirths than 
those of female babies. And the same tendency was found by Pfaund н" 
(42) in data from Bayern, as mentioned above. In the Japanese юэ 
statisties of 1950, in which the age of the newborn was counte ын 
every 24 hours as in the United States, the peak of the sex ratio 9 
neonatal deaths was found in the second and third days. 

The causes of neonatal deaths must be examined, although most 20. 
natal deaths are not usually autopsied in Japan. “ Congenital debility: 
which is highest of all causes of neonatal deaths in Japan, is not 97 
exact cause of death. Most J apanese authorities think that “ congenit? 
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debility " must be absorbed in the category of * premature birth." Büt 
premature birth, also, is not the actual cause of neonatal deaths = 
Bundesen (758) contends. Abnormal pulmonary ventilation seems to + 
Ше most important cause аз he describes it, though this cause Lea 

might be a result of more fundamental causes. (In this sense "r^ 
genital debility ” should rather express а real condition.) Anyway, 1 
might be recognized that the absence of the ability to adjust to the x r 
environment at parturition is found more in males than in females. ahg 
sex ratio of deaths caused by “ premature birth," which must usually 
be decided in Japan today from the term of parturition or from ын 
weight of the newborn, does not increase sharply on the third day ie 
birth. Therefore premature birth seems to have a qualitative difference 
from congenital debility. This fact is remarkable. А 

The diagnosis of * congenital malformation ” is given more to those 
of the newborn who have apparent external mallormations rather than 
to those who have no apparent malformations, because if there are nO 
apparent malformations, internal malformations such as intestinal atresia 
etc., are not discovered, since most deaths of the newborn are not autop” 
sied. It should be considered that such internal malformations may be 
included with congenital debility. 

If it is a fact that lethal or sublethal genes in the sex cement 
which manifests itself more in the male than in the female, are the es 
cause of neonatal deaths, as Lenz (38, 752) hypothesized, then the mg 
sex ratio of neonatal deaths in the third day might be explained. 1 idi 
according to Сіоссо (738) and McKeown et al. (51) the sex ratio of pons 
births for fetal malformation is the lowest. Zspecially in cases of st а 
birth by congenital malformations of the central nervous system such 24 
anencephalus, spina bifida, ete.. - 
McKeown ( 


is the sex ratio very low as Record 153) 
249), McKeown et al. (51) and MacMahon et al. C © 
recognized. According to MacMahon et al. (751) in pyloric cp 
the newborn the sex ratio is very high, but their data is not of werd 
but of operated newborns, Since the onset of symptoms of infan the 
pylorie stenosis is distributed mostly between the first fortnight ай ller 
end of the first month, it might be considered that the second 8888 o 
rise of neonatal deaths during this period should have some relation es 
infantile pyloric stenosis, It seems that in J apan today, the pm 
of diagnosing and Operating on cases of infantile pyloric stenosis 18 iye 
than in England. If there is any congenital obstruction in the digest 

tract, the newborn do not live Over a few days after birth in the n^ 
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DIFFERENTIALS IN INFANT MORTALITY BY RACE, 
ECONOMIC LEVEL AND CAUSE OF DEATH, 
FOR DETROIT: 1940 AND 1950 


BY ALBERT J. MAYER AND RICHARD V. MARKS 
Wayne University and Commission on Community Relations, Detroit 


HE wastage of human life has been drastically reduced in those 
portions of the world where medical and allied sciences have been 
applied. The greatest progress has been made in the reduction of infant 
mortality. The unchecked rate of infant mortality is not only high, but 
extremely variable from year to year, ranging from one-tenth to one-half 
of all infants born. When infant mortality is controlled as it is in the 
United States, Western Europe, Australia, and New Zealand, the rate is 
low, ranging from 20 to 50 per thousand live births, and it fluctuates 
very little. 

The City of Detroit can be classified as an area of very low infant 
mortality. In 1940 the infant mortality rate in Detroit was 37.43 deaths 
Per thousand live births, while in 1950 it was 27.02 deaths per thousand 
live births, 

Ts there a still lower level to which infant mortality may fall, within 
- e framework of existing medical knowledge and practice? This ques- 
tion 18 immediately answerable, for not only do a number of other places 
Show smaller infant mortality rates. but some groups in Detroit had 
Smalley infant mortality yates in 1950 than the Detroit average. А 

Заа ef previous stulies have dione ‘that infant mortality rate is 
versely related to economic level, ama That white persons tame Tamer 

ғы mortality rates than nonwhite persons (Collins, 727 > Gover, 755, 

“Teen, 789: Wiehl, 48; and Woodbury, 25). 


* Exam i rtality in 1950 are: Sweden, 
1 i ring V fi t ort: lity rates i 
ples of countries having low infant m '5 (United Nations, '52). 


205. r 
5; Iceland, 21.7; New Zealand, 22.7; Australia, 
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In this study, infant mortality rates have been calculated separately 
for three economic levels and for white and nonwhite persons within 
each economie level. Тһе total rate has been further subdivided by cause 
of death, and these causes have been regrouped under three major rubrics: 
prematurity, physiological causes, and environmental causes. The precise 
composition of each of these groupings will be explained presently. Data 
for 1940 and 1950 are shown to illustrate the trend. 


THE DATA AND METHOD 


Our object was to measure as accurately as possible the forces of 
mortality in the first year of life. This meant a departure from the 
usual procedure of relating deaths in a calendar year to births in that 
year. Instead, the births of 1940 and 1950 were related to deaths of 
infants born during these two years and dying within the calendar year, 
with the addition of deaths of infants born in 1940 or 1950 and dying 
in 1941 and 1951 respectively, and the removal of infants born in 1939 
and 1949, but dying in 1940 and 1950. Thus, a better approximation 
of the true probability of death under one Year of age was obtained. "The 
probability of death in the first year of life approximates the usual infant 
mortality rate sufficiently closely under relatively stable mortality and 
fertility conditions to be roughly comparable, although the two measures 
are not identical in the strict sense, 

The birth and death data were secured from the Detroit Department 
of Health and are assumed to be very close to a 100% registration 
Births and deaths of non-Detroiters were eliminated, and births and 
deaths of Detroiters occurring in the 4 immediately contiguous counties 
in Michigan were added. The certificates of the Michigan State 


Department of Health were used for this Purpose. Births and first-ye2T 
deaths for 1940 totalled ?7.141 and 1,016 respectively, while in 1950 
these figures were 41,678 bi t 


rths and 1,127 first-year deaths. "These totals 
are slightly below those published in the official reports of the National 
Office of Vital Statistics, for the reason that some births and deaths 
occurred outside the 4-county area, However, there is no reason 19 


believe that these few additional births and deaths would significantly 
change the over-all rates, 


The births and deaths we 
white persons, for three bro 
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The me ; 
but the 4... IHEOSUEIDS economic level was comparatively crud: 
differences. т was to illustrate broad patterns, rather than bnc 
census tracts were 5- and death was assigned to a census tract. The 
monthly rental give en grouped into three economie levels by the median 
the upper, mid iN in the 1940 census ; the class intervals were simply 
highest to Ни "i and lowest thirds of the census traets arrayed ed 
level in 1940 diens The same tracts were ascribed to each economic 
majority of census repe the assumption being that the overwhelming 
year smit. т tracts do not change in economic character in a ten- 
sidered üs s. өвийн three economie levels should not be con- 
resigned to show the 2 social classes, but only as arbitrary groupings 

T white Presence or absence of an economic g di 
Although т Mei persons are shown stern i iani к. 
di economic iava] rontal levels are equivalent, one cannot assume that 
ion equivalent of white and nonwhite persons paying the same rent 
ЭМ! income a mt persons usually pay a larger portion of their 
е 5121) ша 
of Death is HAM of the International Lisls of Diseases and Causes 
Ort was made y used by the Detroit Department of Health. Every 
Parable for fhe Жи keep the nine pathological categories exactly сош- 
буша] My rec желе. 1940 and 1950, since the Fifth. Revision 
n 1940. и — of Death was used to code the causes of 
к finition of са шаа modifications of classifications which affected 
ran et ses me of infant deaths, but since the Detroit Health 
"ems created қа) intermediate code of the Sixth Revision," the 


death i 
e di 


orking from tl minimal. 
1e complete list of causes, we were 


intest: infant de: А 
testinal» 25 у еа into 4 basie groups. 5 respiratory," 
i early inf: 2» 9 * Sie t MN 
rly infancy,” and “ай other." Since this classification 
е separated all deaths 


> group and made pre- 


able to divide all 
“ gastro- 


а; and Aw eim н Next, we took the 
We 2 Category "^s nin diseases of early infaney " and made a second 
whig aded those sri which we called physiological. In this group 
rise 4 Were related te ths of infants from the former “ all other А category 
» e deat] ds physiological cause, where the condition giving 
Бав го intet: h arose within the organism. Finally, we united the 
inal ” causes and the “ respiratory ° and added the 

]l as the 


8то 
ЧР of © acci | * causes, 
dental " infant deaths and “ birth 


injury,” as we 
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deaths called “all other—environmental,” where the cause of death 
arose from a condition which originated outside the organism. This 
third major category we called the environmental causes. 


CHANGES IN THE INFANT MORTALITY RATE 1940-1950 


Table 1 indicates the infant mortality rates for the population in 
general іп 1940 and 1950. In 1950 infant deaths from all causes were 
only 72% of the 1940 level. The greatest reduction occurred in the cate- 
gory of environmental causes. In 1940 there were 12.60 deaths per thou- 
sand infants in the environmental group, and in 1950, 7.97 deaths per 
thousand infants, only 58% of the 1940 rate. 


Within certain subeate- 
gories of the environmental cat 


egory even more marked changes occurred. 


TABLE 1 
Infant mortality rates by cause, Detroit: 1940 and 1950? 


1940 1950 
0) — (2) (3) (4) Col. (3)__ 
Rate Percent Rate Percent Col. (1) 
Total 37.43 100.0 27.02 100.0 72 
PHYSIOLOGICAL CAUSES 11.31 30.2 8.93 33.0 T9 
Congenital Malformation 5.18 15.4 4.92 18.2 85 
Other Causes of Death 
in Early Infancy 3.43 9.2 347 11.7 92 
All Other, Physiological 2.10 5.6 84 3.1 40 
PREMATURITY 13.52 36.1 10.82 40.0 .80 
ENVIRONMENTAL CAUSES 12.60 33.7 7.27 27.0 -58 
Respiratory 74.68 12.6 2.28 8.5 49 
Gastro-Intestinal 1.88 5.0 лт 2.8 Al 
Accidents 55 15 09 2.3 1.13 
Birth Injuries 3.83 10.2 3.17 11.3 83 
All Other, Environmental 1.66 4.4 43 1.6 20 
гээ 


! In this and succeeding tables only the rates per thousand are shown. The 
number of deaths upon which each rate is based can be computed, for the denomi- 


nator is always 27,141 births in the case of the 1940 rates, and 41,678 births in 
the case of the 1950 rates. 


* Gastro-intestinal" and “ respiratory ” causes of infant death were 
reduced to 41% and 49% of their 1940 levels respectively. The category 
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“all other ” was 
жете rs of its 1940 level in 1950. The latter probably 
when filling Бий n 22 improvements in the degree of care taken 
Death rates fh : E e — pecie 
causes and of pre : о of the major groupings, those of physiological 
declined to ig oe also were reduced in this decade. Each 
infants are born agin of its 1940 level. Considering that some 
malformed or 2 hes long enough to breathe, and yet are so grossly 
decline of the 5 и that sustained life is highly improbable, the 
1950 period email mortality rate in these categories during the 1940- 
Will be even — high standard of medical case. There doubtless 
especially in Hac 2 in medical techniques in the future, 
Regarding Ta " ated. to saving the lives of. premature infants. 
categories, denis " oportion of all deaths in 1940, in each of the major 
eaths in the first И ue to environmental causes comprised 3496 of all 
st year of life, whereas in 1950 they were only 97%. 
paper is to analyze the 


he 
purpose of n 

pose of the remaining sections of this 
e general reduction 


к of the various ; 
m infant чи groups in the population in th 
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antage compared to 


Nonwh; 
whi ээ 
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life expectancy 


lite persons į . 

las in jin receiving health and medical care. Their 

markedly liebe and above all, their infant mortality rate has been 

" is йе than white persons living in the same geographic area. 

Tevails, Ty 4 menon was evident in Detroit in the past and it still 
930, deaths among nonwhite infants were 90 per thousand 


im 

М Irths, wh; 

We births. p о white infants there were 62 deaths per thousand 
- This is a ratio of 1.45 deaths among nonwhites to one death 


E whi 
i yon There has been little change in the relative positions of 
nonwhite persons in this respect in the past 20 years. A 
P decline (from 90 to 35 per thousand in the nonwhite popu- 
ке t infant дені 62 to 25 per thousand in the white population) occurred, 
an for w} leath rates for nonwhite persons were still about 40% higher 
lites after 20 years. This might be ascribed to constitutional 


Beneti 
lc 3 s t 
a differences, inasmuch as the difference between races has 

of the causes of death into 


пе 
the ton ane constant. However, division 
n 1940 дн suggests other interpretations. Ж 
ise GUN of death and death from pe urity 
utially higher among nonwhite persons than among white 


wh 
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TABLE 2 


Infant mortality rates by race and cause, Detroit: 1940 and 1950 


1940 1950 
(1) (2) Col. (2) (з) (4) Col (4) 
White Nonwhite Col. (1) White Nonwhite Col. (3) 
Total 35.80 52.30 1.46 25.00 3540 1.41 
PHYSIOLOGICAL 11.45 10.00 87 8.56 10.40 1.23 
Congenital 
Malformation 6.07 3.08 51 5.18 3.79 73 
Other Causes of 
Early Infancy 349 346 1.01 207 531 1.99 
АП Other, 

Physiological 1.96 3.46 1.77 Л1 1.39 1.96 
PREMATURITY 12.00 21.54 1.70 10.39 19,59 1.21 
ENVIRONMENTAL 11.74 20.76 141 6.11 12.39 2.03 

Respiratory 4.28 8.46 1.98 1.74 4.55 2.61 
Gastro-Intestinal 1.96 1.15 59 65 126 1.04 
Accidents 57 .38 67 56 .89 1.50 
Birth Injuries 3.55 6.54 1.84 215 4.93 1.79 
АП Other, 

Environmental 1.38 4.93 3.07 41 76 1.85 


persons. "Тһе death rate from physiological causes was actually lower 
among nonwhite persons than among white persons. In the category of 
environmental causes, most of the difference was concentrated in deaths 
from respiratory diseases and birth injuries. By 1950 the picture had 
shifted considerably, although the over-all proportion was about the 
same. But whereas the rate for white infants declined only 2.28 per 
thousand in 10 years, the decline in rate for nonwhites was 9.02 per 
thousand. Several factors might explain this substantial difference 
between races in the reduction in frequency of death of premature 
infants. First, some infants are just too undeveloped at birth to live 
more than a few hours or days. As the rate of prematurity for white 
infants was already quite low in 1940, there was less room for improve- 
ment during the decade. Therefore, given the present level of medical 
knowledge, the white population had fewer “ preventable ” deaths of 
premature infants. 

Тһе second factor is that a premature baby gets practically the same 
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care regardless of color, or i 
ee 4 т, or economie level of th i i 
it е = 1950, 97.5% of all sis [sip P cuins E 
us equal Teels c E е 22 доо 
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intestinal,” wer о 2 jns, Death from “ respiratory," “ gast "- 
nonwhite infants ccidental," causes were proportionately pude am a 
ЇН for de as compared with white infants. One plausibl sei 
йна soe тр that in the decade 1940-1950, the nonwhite ien 
only 5%, тезі increased 100% while the white population et 
itis ар ть majority of the migrants were from the rural Sout 
urban юм. of infant care are greatly below those found in = 
ira e dai north. It is highly possible that many of the 
year of life ҮЧ à birth to a baby which subsequently died in its fi " 
Infant Bare, М have had little awareness of facilities available fo 
may have = 50 family disorganization, so frequent among migr ^ 
itigated against full use of these facilities. іш. 


ECONO 
NOMIC DIFFERENCES IN THE WHITE POPULATION 


When 1 
гав Was res mortality from all causes is examined, it is seen that 
hat is, the eee economie gradient in both 1940 and 1950 (table 3). 
OWest ЧОУ. Ё avored economie group (Economie Group 73) had the 
Жгопр #2) th mortality rate, the middle economie group (Economic 
Toup #1) ян middle rate, and the lowest economic group (Economic 
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TABLE 3 


Infant mortality rates for the white population by economic level and cause, 


Detroit: 1940 and 1950 


(1) (2) (3) 
Economie Economie Economie Col. (1) Col. (2) 
Group] Group2 Group3 Col. (3) Col. (3) 
1950 
Total 28.11 25.95 21.81 1.29 1.19 
PHYSIOLOGICAL 8.75 8.82 8.10 1.08 1.09 
Congenital Malformation 5.60 5.66 4.31 1.30 1.31 
Other Causes of Early Infancy 2.57 2.50 2.93 .88 85 
All Other, Physiological 58 66 86 67 177 
PREMATURITY 11.66 11.75 8.45 1.38 1.33 
ENVIRONMENTAL 7.10 5.88 5.27 132 
Respiratory 2.45 1.69 1.29 131 
Gastro-Intestinal ло 174 142 
Accidents 70 51 98 
Birth Injuries 3.15 2.43 2.85 85 
All Other, Environmental 70 51 09 7.78 5.07 
1940 
Total 41.90 3185 120 1.09 
PHYSIOLOGICAL 12.85 11.91 1.08 .85 
Congenital Malformation 6.43 6.51 .99 85 
Other Causes of Early Infancy 3.03 4.02 -90 л 
АП Other, Physiological 2.79 1.88 2.02 1.28 
PREMATURITY ‚ 11.87 11.49 1.03 1.22 
ENVIRONMENTAL 16.48 3.45 1.95 1.26 
Respiratory 6.15 2.49 2.47 1.70 
Gastro-Intestinal 3.07 111 237 1.59 
Accidents 70 55 127 80 
Birth Injuries 4.05 3.88 1.04 76 
АП Other, Environmental 2.51 42 5.98 2.93 
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level among nonwhite persons was 31.55. А possible explanation of this 
relation, as well as the similar observation in the white population, lies 
in the greater expenditure of social welfare efforts on the poorest persons 
in the community. Another related possibility is the reluctance of 
persons, not in actual poverty, to seek the services of welfare and chari- 
table agenices, thereby exposing themselves (in this case their unborn 
infants) to paid, but medically inferior services. 


TABLE 4 


Infant mortality rates for the nonwhite population by economic level and causes 
Detroit: 1940 and 1950 


(1) (2) 
Economie Economic Col. (1) 
Group 1 Group 2 Col. (2) 
1950 
Total 37.31 32.94 1.13 
PHYSIOLOGICAL 11.03 10.49 1.05 
Congenital Malformation 3.81 4.12 92 
Other Causes of Early Infancy 5.82 4.87 1.20 
АП Other, Physiological 1.40 1.50 .93 
PREMATURITY 12.84 11.61 1.11 
ENVIRONMENTAL 13.44 10.84 1.24 
Respiratory 4.61 4.40 1.03 
Gastro-Intestinal 1.81 37 4.89 
Accidents 1.20 37 3.24 
Birth Injuries 4.82 5.24 92 
All Others, Environmental 1.00 a7 2.70 
1940 
Total 51.98 53.50 97 
PHYSIOLOGICAL 11.25 6.85 1.64 
Congenital Malformation 3.75 1.37 2.74 
Other Causes of Early Infancy 3.75 2.74 1.37 
АП Other, Physiological 3.15 2.74 1.37 
PREMATURITY 17.68 31.55 56 
ENVIRONMENTAL 23.05 15.10 1.53 
Respiratory 9.65 5.49 1.76 
Gastro-Intestinal 1.61 
Accidents 54 
Birth Injuries 7.50 4.12 1.82 
All Other, Environmental 3.75 5.49 68 
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In the physiological and environmental categories, the customary 
inverse relationship of mortality to economie status obtained. Com- 
paring 1940 with 1950, it is seen that economic differentials were smaller 
in both categories, declining from a ratio of 1.64 in 1940 to 1.05 in 1950 
in the category of physiological causes, and from 1.53 in 1940 to 1.24 in 
1950 in the category of environmental causes. This could be expected 
as, with the exception of the rate of deaths from prematurity, the lower 
economic group had far higher rates of infant mortality than the higher 
economic group, and consequently there was more room for improvement. 


THE GENERALITY OF THE FINDINGS 


As the data examined here pertain to only one geographic area, the 
question might well be asked: how does the infant mortality rate in 
Detroit compare with that in other areas? Table 5 contains data com- 


TABLE 5 


I 
nfant Mortality rates, Detroit, United States, and selected states by race: 1950? 


INFANT MORTALITY RATE 


White Nonwhite 
eee ...... m 
Detroit 25.1 354 
United States 28.0 47.3 
United States—Urban 27.8 46.0 
Michigan 27.8 40.9 
Michigan—Urban 26.9 303 
New York 25.0 38.3 

2 
New York—Urban 24.8 38.5 
Illinois 26.0 40.5 
Illinois—Urban 26.3 40.2 
Pennsylvania 21.8 47.2 
Pennsylvania—Urban 27.2 41.3 
California 26.2 34.0 
—— 0 California—Urban 24.5 32.7 
А 
Dat, a 
а from Statistical Abstract of the United States (33). 
Pari 
: i rithi er 
State Detroit with the United States and with urban places 4 БНН 
я 1 1r 
Evel op. he states selected for comparison were chosen for the g 


5 iali contain 
34% of quustrialization and of income. Together, these states 


he Population of the United States. 
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It is evident from the above table that the infant mortality rate 
among white persons in Detroit is slightly below the rate of the state 
of Michigan, while Michigan in turn is slightly below the United States 
as à whole. Comparison with other large industrial states indicates the 
representativeness of Michigan. In the nonwhite population the varia- 
tion is somewhat larger, as the rate is higher and higher infant mortality 
rates are more variable. While the rates shown here suggest that Detroit 
is not atypical, generalization of the findings of this study, especially as 
to the effects of economic differentials, must be made with caution. 


WHY STUDY INFANT MORTALITY IN AREAS WHERE THE RATE 
IS ALREADY LOW? 


This study indicates that, where infant mortality has reached a low 
level, little in the way of a major decline in the rate ean be expected in 
the future. While there is still room for improvement, and subsequent 
advances in medical science (especially in the care of premature infants) 
will undoubtedly take place, it is doubtful that medical and biological 
Science can learn anything new from further epidemiological study. How- 
ever, the study of infant mortality will, in the future as in the past, be 
important to the social scientist. 'The infant mortality rate has been 
considered an excellent index of the level of living of a population. 
This study indicates that, even when the infant mortality rate for à 
total population is low, as in Detroit today, there are still differences 
between various subgroups in the population. Although the differences 
are small, they are consistent. Very probably they will prove extremely 
persistent, and it may be many years until equally low infant mortality 
rates are attained by all groups residing in the same area. Until that 
time, the infant mortality wate can continue to be used as an index of 
the level of living of various Subgroups of the population. Birth and 
infant death statistics are among the most precise and readily obtained 
social data, and can be conveniently used to classify groups of persons: 
or geographie areas in which such groups of persons reside. 


SUMMARY 


(1) Detroit has a low rate of infant mortality (27.02 per thousand 
live births in 1950). This is a marked decrease from the rate of 37-43 
infant deaths per thousand live births in 1940. 

(2) The largest reduction in infant mortality was found among 
those causes grouped under the general heading of “ environmental 
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causes.” About 51% of the total reduction of 10.41 per thousand 
represented a reduction in environmental causes. 

| (3) Although the infant mortality rates of both white and nonwhite 
“бийд declined markedly during the decade 1940-1950, the relative 
ш of the nonwhites improved only slightly, changing from 46% 

Sher than the whites in 1940 to 419% higher than the whites in 1950. 
m e Infant mortality rates in the white population of Detroit in both 
H and 1950 were, as usual, inversely proportional to economie level. 
ее when subelassified by cause of death, the usual pattern did 
of цаг E 1940, since the middle economie group had a ие ie 
economie Cue to prematurity than did either the highest or the ow = 
Breater "Rm This was equally true in the nonwhite population. 5 
group m of social welfare facilities on the part of the lowest economie 
© 18 а suggested cause of this. 
i) Desths from environmental causes reached very low levels in all 
ih aoe groups in 1950. Although slight economie eer 
pulati > E margin of difference between economie groups in the w 
(6) 1 vas less in 1950 than in 1940. | 
the iden general, the relationship between similar economic 
ite population was as in the white population. 
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THE EFFECT OF BIRTH WEIGHT AND TIME OF FIRST 
FEED ON THE WEIGHT OF BANTU BABIES 
IN THE FIRST 10 DAYS OF LIFE 


BY EVA SALBER? AND EVELYN BRADSHAW 
Institute of Family and Community Health, 
Durban, Union of South Africa 


HE weights of Bantu babies in the first 10 days of life, with special 
a? reference to rank order of birth, sex and marital status of mothers 
have been reported upon previously (Salber and Bradshaw, 753). 18 
this paper we are concerned with the effect on their subsequent growth 


of (1) the birth weight of babies and (2) the time of first feed after 
birth. 


MATERIAL AND METHOD 


The same babies were used in this study as described in the previous 
paper, i.e. 598 full-term babies, born of normal vertex delivery, who 
were well during their stay in hospital. For this study it was necessary 
to have the birth weight of the baby, and also the time at which the 
baby was first put to the breast. Where this information was not avail- 
able the cases were discardéd, leaving us with 596 babies of known birth 
weight, and 577 babies whose time of first feed was recorded. 

The babies were divided into three birth weight groups, i. е. 5 №. 8 07 
to 6 lb. 7 oz, 6 Ib. 8 oz. to 7 lb, 15 oz., and 8 Ib. and over, and their 
progress was compared, 


With regard to the time of first feed after birth, we planned to com- 


pare three groups, viz.: those fed as Soon after birth as possible, those 
fed as late after birth as possible, and those in between. However, We 
soon found that this interfered with the hospital routine to a large 


з Senior Bursar of the Council for 
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Scientific and Industrial Research at th 
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extent and 
К , although it w : 
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9 orevious pape : : 
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vas done for a 7 the total initial loss and the duration of loss. This 
iree birth weight groups and the three feeding groups, 
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RESULTS 
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У lost for three days. 
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with the heavier babies losing more actual weight. This applied to both 
sexes, and to Ranks 1 and 2+ separately. The relative loss of weight, 
expressed as a percentage of birth weight, showed little difference between 
the birth weight groups, and these results were not consistent (appendix 
3). Тһе heavier babies lost for a slightly longer period, but the 
differences were very small (appendix 4). 


The effect of birth weight on regain of weight 


Hammett (^18) reported that “the lighter the initial weight, the 
earlier the recovery of weight loss." Martin (31), however, found no 
difference in the weight gain of lighter or heavier babies. Meredith 
and Brown (731) stated that the actual gain was more for light babies. 


Gain. Ав some birth weight groups had no information after the 
seventh day, investigation into the weight gain had to be limited to the 
first 4 days after the day of minimum weight. Table 1 shows the actual 


TABLE 1 


Gain in 4 days from minimum weight 


RANK ] 
Girls Boys 
Amount 96 Amount % 


RANK 2+ 
Girls Boys 
Amount % Amount % 


Birth Weight 


Groups: 

Light li4oz 18 4.3802 40 3.7602 3.9 40502 42 
Average 3199 28 569" 5p 87134 39 4454 3.8 
Неауу — — 


- 3.53“ 94 489“ 346 


&mount of gain in those 4 days, and also the relative amount, ав 8 
percentage of birth weight. It can be seen that Rank 1 is quite con- 
sistent, and for both girls and boys average babies gain more actual and 
more relative weight than light babies. In Rank 2+ the picture 18 
different—for both girls and boys the relative weight gain is greatest for 
the light babies and smallest for the heavy babies. In actual amount of 
gain, however, while the light girls gain the most, it is reversed for the 
boys, with the heavy babies gaining the most. 

Return to birth weight Ъ 


У seventh day. The percentage of babies 
who had regained birth weig 


ht by the seventh day is the resultant of 
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1. The amount of weight lost. 
3. Тһе duration of that loss. 
3. 'The rate of gain thereafter. 


In Rank 1 girls a greater percentage of the light babies had regained 
their birth weight than the average babies, whereas for the boys there 
is a very slight difference in the opposite direction. In Rank 24- the 
lighter girls again do very much better than the heavier girls, whereas 
the average boys do better than the rest. (See appendix 5). 


Day on which group returned to birth weight. This is only applicable 
to Rank 24- babies. (See appendix 2). Here again the light girls did 
better than the rest, for although both light and average babies had 
regained their birth weight by the eighth day, the light babies were 19 oz 
over birth weight, whereas the average girls were only .5 oz over birth 
weight. The average boys again did better than the other groups, 
regaining birth weight by the seventh day. Аз the groups in Rank 1 
had not regained birth weight, we compared seventh day losses as a 
Percentage of birth weight. In both girls and boys the light babies were 
closer to birth weight than the average babies. | 

Тһе effect of birth weight, then, on loss and gain of weight after 
birth shows no clear pattern. Results vary both for the ranks and the 
Sexes. We decided therefore, in an endeavor to obtain a clearer picture, 
to score the groups for the categories previously mentioned : 

1. Day of maximum loss. 

8. Amount of loss as a percentage of birth weight. 

3. Total initial loss as a percentage of birth weight. 

4. Duration of loss. 

5. Gain in 4 days after minimum weight. 


6. Percentage who regained birth weight by the seventh day. 


weight. 
KK gen one point, and 


ily well, they "T 


5 Day on which group returned to birth 


eee 
in the ОТР group did best in eld ШШ 
9 Sha OL two or three groups doing equa 


do better than the 


It is Р қ 
oth obvious from table 2 that the light girls t manis 1 
b E both in Rank 1 and Rank 2+. Light boys do better in Rank 1» 
Vera ip. 
8e boys do best in Rank 2+. 
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TABLE 2 


Comparison of three birth weight groups with respect to various factors. 
Sexes and ranks separately. 


RANK l RANK 24 
Girls Boys Girls Boys 
1234567 1234567 1234567 1234567 
Light 1:1 11171131 tT DERE LT 11 
Average 11 1, 14 1 1111 14 
Heavy 1 1 


Tt is still a fact, however, that because of their superior birth weight, 
the heavy babies retain their lead (as far as actual weight is concerned) 
over the average and light babies on discharge from hospital. 


The effect of time of first feed afler birth on the progress of the babies 


The three feeding groups (called hereafter early, middle and late) 
were examined with regard to loss and gain in weight in the same way 
as the birth weight groups were done. One of the 7 categories (gain in 
4 days after minimum Weight) was omitted because of insufficient data. 
(See appendices 3, 4, 5 and 6), 


Mean daily loss in weight. In Rank 1 babies, the girls of the late 
feeding group lost less percentage weight than the middle group, with 
the same duration of loss (appendix 6; insufficient data for early 
feeders). In the boys, the middle feeders did better—both for percen- 
tage weight loss and duration of loss than the early feeders (insufficient 
data for late feeders). In Rank 2+, for both boys and girls the middle 
feeding group were best with regard to percentage loss of weight, and 
the middle and late feeding girls lost for a shorter period than the early 
feeding girls. “However, the early feeding boys lost for the shortest time- 


Total initial loss of weight. In Rank 1 the late feeding girls and 


the middle feeding boys did best, whereas in Rank 2+ the middle feeding 
girls and the early feeding boys did best. The duration of this loss of 


weight follows almost exactly the same pattern as the total initial 1088 
(appendices 3 and 4). 


Return to birth weight. In Rank 


1 the middle feeding girls and 
boys, and in Rank 2+ the middle feed 


ing girls and the early feeding 
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boys were superior in the percentage who had regained their birth weight 
by the seventh day (appendix 5). With regard to the day on which 
the group returned to birth weight, there was insufficient data for Rank 1. 
In Rank 2-- the middle feeding girls and the early feeding boys returned 
to birth weight soonest. 

Here again the picture is not clear, and we followed the same scoring 
procedure as before, with the omission of the one criterion mentioned 
previously. Table 3 shows quite an interesting pattern: in Rank 1 it 
appears that late feeding girls and middle feeding boys progress most 
favorably, and the same applies to middle feeding girls and early feeding 
boys in Rank 2+. 

TABLE 3 
Comparison of three feeding groups, with respect to various factors. 
Sexes and ranks separately. 


RANK 1 RANK 2+ 
Girls Boys Girls Boys 
123456 123456 123456 123456 
59 minutes or less 1 1211 
1-5 hours 1 | 41111ї111111її 1 
0 hours or more тїї 1 1 


DISCUSSION 


The birth weight of the baby and the time of first feed after birth 
have some effect on the progress of the baby in the first 10 days of life, 
although these factors are not nearly as strong as the factor of rank order. 

Тһе effect of birth weight on progress after birth is slight. With 
Tegard to mean daily loss of weight the heavier babies lose more actual 
and relative weight than the lighter babies, and on the whole for a longer 
Period. Тһе total initial loss is also greater for heavier babies, although 
the relative loss is much the same. As far as the effect of birth weight 
оп gain after birth is concerned, the average Rank 1 babies gain the 
Most relative and absolute weight. In Rank 24- the light babies gain 
most relative weight, but the actual amount of weight gained varies for 

ys and girls. On the whole the light girls and the average boys 
a end to birth weight soonest, and a greater percentage of babies in 
ай ОР, : 7 J nth day. 
se two groups hn gale itl Weigh P7 Pe Aere “picture towed 
en each category was scored, thie lola) props YS 
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that for girls in Rank 1 and Rank 2+ the light babies did best. For 
boys differed with the ranks—light boys being better off in Rank 1 
and average boys in Rank 2+. 

As mentioned previously, although the heavy babies lose more weight, 
and do not gain as much as the light and average babies, they are still 
the heaviest group on discharge from hospital owing to their superior 
birth weight. Various investigators have studied the effect of birth 
weight on subsequent growth. Illingworth et al. (49) found that 
throughout childhood the average child who was a small baby at birth 
weighed considerably less than the average child who at birth was а 
large baby. Lowe and Gibson (753) stated that * the mean weight at the 
third birthday is closely related to the birth weight." Parfit (751), how- 
ever, points out that the actual amount of weight gain is the same for 
the different birth weight groups after the first month, and Hammond 
(259) also found that birth weight appeared to have no effect on weight 
gain in the first year. This means, in effect, that heavier babies at birth 
remain heavier subsequently, but that smaller babies gain more relative 
weight than larger babies, since the actual increments are the same. 

The time of first feed after birth has a greater effect on subsequent 
progress than has birth weight. In Rank 1, for all measures of loss of 
weight and the duration of that loss, the late feeding girls and the middle 
feeding boys had the advantage. In Rank 2+, the middle feeding girls 
were unequivocally superior to the other groups. The differences were 
not as striking in the boys, although there was a tendency for the early 
feeding group to lead. Тһе middle feeding girls and the early feeding 
boys in Rank 2-- also returned to birth weight soonest, while in Rank 1 
both boys and girls of the middle feeding group did best. 
авын ыг чери Were scored, an interesting pattern emerged 

Ле ). Second and later born babies could advantageously be fed 
earlier than first-born babies, and boys could be fed enilier than girls. 
" di tentative explanation for these findings may be that Bantu 

yS recover more quickly from the stress of labor than Bantu girls, and 
Қ and later born babies are less affected than first born babies- 
вино eror ie em le eit ft d 
Subsequent progress of the babies. Enquiries 


hours, with no definite 


reasons given for the ti i 
r l im val chose 
Various obstetric and bal "ig 


by-feeding textbooks in England and America 
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give time of first feed after normal delivery to be anything between 8 
and 24 hours after birth, the reasons being to allow the others and 
babies to recover from the effects of labor. It would appear that inves- 
tigation in this field is necessary if we are to have any scientific reason 
for a particular time interval between birth and first feed. 


SUMMARY AND CONCLUSIONS 


Five-hundred and ninety-eight full term babies, born of normal 
vertex delivery, who were well during their stay in hospital, were studied 
with reference to the effect of birth weight and the time of first feed 
on their progress in the first 10 days of life. 


(a) The effect of birth weight was slight. 

1. In all ranks heavier babies lost mo 
than lighter babies, and on the whole for a longer period. 

2. In first born (Rank 1), the average babies gained more absolute 
and relative weight than the light babies. 

3. In subsequent births (Rank 2+), the light babies gained most 
relative weight, although the actual weight gain varied for boys 
and girls. 

4. Tn all ranks the light girls and the aver 
weight soonest. 


5. The total progress showed tha 
Light boys were better off in Rank 1, and aver 


3-1 
However, owing to their superior birtl 


We] ү 
Cighed the most oj discharge (ій hospita: 


0) Time of fir 
Progre. irst feed after birth had a greate 
stess than did birth weight. 


те actual and relative weight 


age boys returned to birth 


$ light girls did best in all ranks. 
age boys in Rank 


1 weight, heavy babies still 


NETTE 


4, | 
In Rank 1, late feeding girls and middle feeding boys lost less 
"eight, and for a shorter period than the other groups, while in 

feeding boys had the 


ink 2+, middle feeding girls and early 


Smallest loss. 
ed to birth weight 


d y feeding 


In 
Rank 1, middle feeding girls and boys т 
girls and earl 


So е 5 
vonest, while in Rank 2+ middle feeding 
YS Were superior. 
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3. Тһе total progress picture showed that second and later e 
babies could be fed earlier than first born, and boys could be fe 
earlier than girls. 


With the exception of first-born girls, babies were best off being fed 
within 6 hours of birth. 
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APPENDIX 1 
Distribution of times of first feed 


BOYS GIRLS 
HOURS 
AFTER BIRTH Rank 1 Rank 2-- Rank 1 Rank 24- 

0 21 08 18 68 
1 13 25 1 34 
2 16 21 4 22 
3 y 14 6 28 
4 3 14 5 1 
5 2 13 4 9 
6 2 9 3 9 
7 5 10 2 7 
8 2 10 5 10 
9 1 11 3 8 

10 3 10 2 6 

11 а 1 2 1 

12 m " 3 

13 ew 1 á Р 

14 РЖ 1 P 2 

15 1 1 T 

16 

17 

18 1 

19 1 

20 

21 1 

22 1 1 
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BOOK REVIEWS 


Anthropology Today: An Encyclopedic Inventory. Prepared under the 
chairmanship of А. Г. Кковвев, Pages xvi + 966, University о! 
Chicago Press, 1953, $9.00. 


An Appraisal of Anthropology. Edited by Sou Tax, Loren C. EISELEY, 
Ївугхс Rouser, and Cart Е. VOEGELIN, Pages xiv + 395, University 
of Chicago Press, 1953, $6.00. 


For two weeks, from 9 to 20 June 1952, some eighty scholars, most 
of whom were anthropologists, conducted an international symposium on 
anthropology. The symposium was initiated and held under the generous 
auspices of the Wenner-Gren Foundation for Anthropological Research. 
The theme of the symposium was “A World Survey of the Status of 
Anthropology,” and the participants in the symposium were selected not 
merely as outstanding specialists but also for their ability to synthesize 
the views of others and for their broad grasp of anthropology in its 
totality. In planning for the symposium it was suggested that three 
broad categories be considered: (1) an inventory of modern anthropology; 
(2) an appraisal of modern anthropology, and (3) a handbook of world 
resources for research and education in anthropology. It was within this 
framework of categories that the symposium was conducted. The first 
and second volumes under review here are the published realizations of 
the first two categories. Though it is nowhere stated I presume that а 
third volume, dealing with the third category, will be forthcoming.’ 


Anthropology Today: An Encyclopedic Inventory contains the inven" 
tory papers, fifty in number, which were circulated among the participants 
before the symposium and later presented, though not read, and discussed 
at the symposium. This volume opens with a valuable preface by the 
indefatigable Director of the Wenner-Gren Foundation, Dr. Paul Fejo* 
in which he gives an interesting account of the history of the symposium 
This is followed by an introduction from the pen of the doyen of Amer" 
can anthropologists, Dr. A. L. Kroeber, which extends the preface of 
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Dr. Fejos. "Тһе second volume, An Appraisal of Anthropology contains 
the reports of the discussions of the inventory papers; it also contains an 
informative and charming preface by the editors, a very pleasant address 
of weleome by the founder, Dr. Axel L. Wenner-Gren, and an intro- 
duction by Dr. A. L. Kroeber explaining the mechanies of the symposium. 

It should be clear that the appraisal volume must be read in con- 
junetion with the inventory volume if the reader is to get anything out 
of the former—and there is a great deal, indeed, to be gotten out of the 
appraisal volume. Since the discussions in the appraisal volume follow 
the seven sections into which the inventory volume is divided the reader 
will want, every so often, to turn to the appraisal volume for the dis- 
cussions. I shall confine myself in what follows to an account of the 
inventory volume and say here of the appraisal volume that it is quite 
as indispensible reading as the inventory volume, and should on no 
acount be missed. In many ways it is the more readable and interesting 


of the two volumes. 


The first paper, by Robert F. Heizer, ^ Long-range dating in arche- 
all the known methods of 


ology,” presents an admirable survey of 

dating the remains of шап. Kenneth В. Oakley's * Dating fossil human 
remains ” gives an authoritative account of the fluorine method of dating 
human remains. In “ Тһе strategy of culture history > Irving Rouse 
discusses the various methods and approaches to the historical recon- 
struction of cultures. So much for “ Methods ” under the rubric “ Prob- 


lems of the historical approach.” 

Under “ Results ” William L. Straus, Jr. in “ Primates” gives us 8 
survey largely of what we don’t know about the order of mammals to 
which man belongs. I found this a most disappointing paper. Surely, 
here was an opportunity to discuss not only what we do know but the 
results achieved by the particular methods used. “The idea of fossil 
man ” by Pierre Teilhard de Chardin is not a particularly exciting piece, 
and Hans Weinert’s “ Der Fossil Mensch » contains so many errors of 
fact and so many misstatements, as Dr. W. L. Straus, Jr. points out in 
his disenssion, it had heen far better if it had been excluded from the 


) ! el “ Pal thology ” i brief 
ГГ RT i Яав 
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“Qld World prehistory: Paleolithic " by Hallam L. Movius, Jr.; * Old 
World prehistory : Neolithie Бу V. Gordon Childe; * New World culture 
history: South America," by Wendell F. Bennett; * New World culture 
history: Middle America," by Alfonso Caso; * New World culture his- 
tory: Anglo-America,” by Alex Krieger; “ Historical linguistics and 
unwritten languages," by Joseph H. Greenberg; and “ Style,” by Meyer 
Schapiro. 

Under “ Theory ” there is an excellent paper by Julian H. Steward 
on “ Evolution and process” in social anthropology in which many good 
points are made, especially that one need not be a believer in unilinear 
evolution to accept the fact that there has been evolution in human 
societies. С. S. Carter's * The theory of evolution and the evolution of 
man” hardly lives up to its promise, for man is virtually completely 
omitted from Dr. Carter's discussion. J. G. D. Clark's paper “Archeo- 
logical theories and interpretation : Old World," is excellent, an is Gordon 
В. Willey's “Archeological theories and interpretation: New World." 
Dunean Strong’s “ Historical approach in anthropology," is a most read- 


able and scholarly paper, but it does not seem to me sufficiently critical 
of the lack of historical dimensionalit 


have on the whole exhibited. 


Under the rubrie * Problems of process ? 
tributes а paper on 


y which American anthropologists 


Floyd G. Lounsbury con- 
“ Field methods and techniques in linguistics ” which 
will be found extremely helpful by field anthropologists with a minimum 
of training in linguistics, and it will also be found most interesting by 
the non-specialized reader. "There is an excellent discussion of * Psy- 
chological techniques: Projective tests in field work > by Jules Henry 
and Melford E. Spiro and a most invaluable examination of * Interview 
techniques and field relationships > by Benjamin D. Paul; this latter 
piece will long form a breviary for all beginning field workers. Similarly 
invaluable is Oscar Lewis’ discussion of * Controls and experiments іп 
field work”; while George P. Murdock gives an interesting account of 
the work being done by the Human Relations Area Files at Yale in “ The 
processing of anthropological materials.” In this paper Murdock refers 
to most of the relevant work done by others, and thus provides a ready 
source for the relevant references, In « The contributions of genetics to 
anthropology,” William C. Boyd puts the case for genetics as expertly 
as he always does, while Clyde Kluckhohn writes a fascinating chapter 
on * Universal categories of culture,” which, as Forde points out, really 
deals with the determinants rather than with the categories of culture. 
Claude Lévi-Strauss on “ Social structure” is altogether admirable, 
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while Harry Hoijers “ The relation of language to culture " should be 
read by everyone interested in the use and possible uses of language. 
* Structural linguistics " by André Martinet will be of interest only to 
linguistic students, but Stith Thompson’s “Advances in folklore studies ” 
will be of interest to everyone. It would be impossible to speak too highly 
of А. Irving Hallowell’s * Culture, personality, and society”; this is a 
masterpiece. Ralph Beals’ “Acculturation > is an excellent historical 
account of the development of this new branch of anthropology, the study 
of culture changes when peoples of different cultures come into contact 
with one another. Margaret Mead’s paper on “ National character ” is 
a fundamental piece which all workers in this field will have to read. 
* Cultural values ” by F. C. S. Northrop is a valuable discussion of legal 
and cultural values, and David Bidney’s “The concept of value in 
modern anthropology " is a stimulating paper, which is written from the 
viewpoint of a philosopher with a very scholarly background in anthro- 
pology. Of a totally different kind is Marston Bates’ admirable paper 
on * Human ecology 7; this is written from the viewpoint of the zoologist 
interested in man. * The strategy of physical anthropology ” by S. L. 
Washburn is another stimulating paper by one of the most active of 
physieal anthropologists. Robert Redfield's 4 Relations of anthropology 
to the social sciences and to the humanities," is an excellent and pivotal 
paper, whieh makes a bold and eloquent plea to anthropologists to re- 
Survey themselves in the human situation. 

* Problems of application ” provides a well rounded discussion of the 
usefulness of physical measurements in non-traditional situations and for 
non-traditional purposes. “ Growth and constitution ” by J. M. Tanner 
presents an excellent survey, but omits reference to prenatal growth and 
constitution—a most important aspect of the subject, without the under- 
Standing of which postnatal growth and constitution cannot be properly 
understood. “Applied anthropology in medicine” by William Caudill 
Provides an overall survey of the part that the applied anthropologist 
has been playing and can play in the future in medicine. Mary R. Haas’ 
“The application of linguisties to language teaching ” does what it says 
very clearly, and in “Applied anthropology in industry ” Eliot D. Chapple 
gives a most interesting account of this important branch of anthro- 
pology, The next four papers. each written by an expert, are the best 
short surveys of their kind to be found anywhere of applied anthropology 
in government. Edward A. Kennard and Gordon McGregor deal with 
the United States, Daryll Forde deals with British Africa, @. Jan Held 
with the Netherlands, and Alfred Métraux with the United Nations. 
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In a final paper John Howland Rowe deals with “Technical aids in 
anthropology: a historical survey," which is not only very extensive in its 
survey but also very stimulating in its criticisms and suggestions. There 
is a list of contributors and an index. 

So much for the formal annotation of the contents of the volume, 
a volume which will long constitute a landmark in the history of anthro- 
pology. This stocktaking of the present status of anthropology and the 
direction in which it is considered by these various authorities it should 
travel will constitute a fountain from which many will drink deep and 
heady draughts in the years to come. We all owe а very profound debt 
of gratitude to the Wenner-Gren Foundation for having made this 
stocktaking possible and for having made it available with such grace 
and expedition. 

The organization of the symposium was a task presenting many 
difficulties ; so far as was humanly possible that task seems to have been 
carried off consummately well. It is in no spirit of the carping critic 
therefore that I venture to make the following remarks. I hope they 
are not altogether the product of my own private prejudices. 

Although anthropology as a scientific discipline is little more than 
half a century old its development, indeed, one might say its proliferation, 
has been rapid. The subject already has an extremely interesting his- 
tory—it would have been pleasant to see that fact recognized at the 
symposium by the devotion of a Separate inventory paper dealing with 
the history of anthropology. 

It would also have been of great interest to have had an historical 
and analytic paper on the relations of anthropology to literature, to the 
novel, poetry, the drama, and criticism. One is led to believe that 


anthropology has had a much wider influence upon the modern world 
than even many anthropologists realize, 


Finally, I should very much have like 


d to see a paper on the training 
of the anthropologist—surely, 


| | а unique opportunity was missed here. 
It is possible that all these matters were considered by the planners 
of the symposium and for various reasons found impracticable of realiza- 


tion. Opportunities for the discussion of these matters will, no doubt, 
be afforded at some future time. 


I must confess that while I found Professor Vallois’ paper on “ Васе” 


good, it seemed to me rather heavily academic and not sufficiently con- 
cerned with the everyday realities of the situation. This is a besetting 
sin of many anthropologists who when they speak of * race ? speak of it 
as if it were an abstraction, and too many of them, I am afraid, whe? 
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they speak of the Negro speak of him, too, as if he were an abstraction. 
Doubtless Professor Vallois was limited by his instructions, as I have 
said, his paper is good enough as far as it goes. What one misses is а 
presentation, in summary form of course, of the work which has been 
done in recent years in so many different fields relating to the problems 
of race prejudice, its genesis and development, and the various means 
which have been utilized to obviate or reduce its development. It seems to 
me that such an inventory paper and its discussion would have been most 
useful. During the last fifteen years we have made great progress in 
understanding the nature of race prejudice, and we have already had the 
opportunity to evaluate some of the methods of handling it. 1 refer to 
changing attitudes in the home, direct and indirect education, com- 
munity measures, and legal ordinances, not to mention more general 
legislative measures. 

It is interesting to recall here that not so long ago many pundits 
were asserting that “ you can’t legislate race prejudice out of existence.” 
Well, astonishingly enough, we have seen legislative measures operating 
in the most substantive of ways not only to control the expression of 
race prejudice but also to reduce its virulence. And this, not merely 
by inhibition but by making it possible for people freely to mingle with 
one another where formerly they were enjoined by custom not to do so. 
The application of anthropological understanding to the solution of race 


problems might surely have found a legitimate place in the symposium. 
“Race” is one of the most pressing issues of the day, and the anthro- 


Pologist, surely, has much to contribute towards the intelligent and 


effecti : 

E meeting of that issue. Mc 

Well sin thing becomes very obvious as one reads paper after pap hal 
h 28 the discussions of these papers; namely, that anthropologists for 
* Most part still lack an historical sense. Apart from Strong’s paper 


there are scarcely any references to this important subject. Historical 


‘construction as a method is more than ordinarily difficult when studying 


= Pler cultures, but that is no reason why it should be ehe 
Praeti И history, and т 
icable. Every culture is a product of a long his "i discover some- 


е the task : her things, 
: Sk of the anthropologist, among other ical approach is most 


118 of the nature of that history. Тһе histor dm 
actively realized by the archeologist, but this is an approach ccs 
e "pon him, for archeology deals with cultures which are “Чан 
Met or no longer in existence in the form in which he е ии 
Seri We need is the application of the historical metho цан a 
"TS and not merely a broad overall approach to the 
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human culture as a whole. I regret to say that there seems to be little 
evidence that we shall get it. But enough of this. 

Anthropology has come into its own. It now has to come into others. 
It has already made more than a beginning, as these two noble volumes 
most abundantly testify. No educational institution worthy the name of 
a college should be without its department of anthropology ; nevertheless 
there are a number of major institutions without such a department, and 
numerous colleges are completely without any teaching іп the subject. 
This is the more of an anachronism because anthropology should be the 
central core of education and therefore of the organization of the college 
curriculum. However, since this is scarcely recognized in those institu- 
tions in which a department of anthropology exists, it is perhaps a little 
too much to expect that a college education be built around a knowledge 
of anthropology. 

Because anthropology is the science and art of humanity it stands 
in a pivotal position in relation to all other human knowledge. А truly 
liberal education should be first and foremost in humanity, and this no 
subject is better able to provide than anthropology. It is the subject 
about which and from which a truly integrated education could be 
developed, and it is my hope that this will some day be undertaken as 
a pilot study by some farseeing college administration. Meanwhile, the 
two volumes I have so inadequately discussed in this review should afford 
every stimulus to those engaged in the field of anthropology as well as to 
those who are interested in it to bring about this much to be desired 
change. 


М. Е. ASHLEY MONTAGU 
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EARNEST ALBERT HOOTON 


А DEDICATION 


On Мау 1st, 1954, physical anthropology lost one of its most versatile 
and renowned leaders, Earnest Albert Hooton, Professor of Anthro- 
pology, Harvard University. It is with a deep feeling of appreciation 
that we who participated in this symposium join in dedicating the 
published version to his memory. 

Dr. Hooton’s position in the world of primatology was indeed a 
unique one for although his scientific writings cover a wide scale, he 
never contributed an original research paper dealing with a non-human 
primate. Yet his position was secure for he had with considerable 
Success brought together and published in a popular, scientific manner 
much of the available information on “ Man’s Poor Relations.” The 
publication of this book and the interest which he engendered in his 
students for non-human relatives have done much to establish prima- 
tology as a means of gaining perspective of the general problems of 
psychology, anthropology, and related sciences. 

It was for these reasons that Dr. Hooton was requested to prepare 
the opening paper of this symposium. The other contributors were asked 
because of their special qualifications on some specific facet of the general 
topic. But the aim of the symposium was not only to bring together 
the palaeontology, coniparative anatomy, anthropology, and psychology 
of the non-human primates but also to indicate how such knowledge can 
contribute to our understanding of the problems of human evolution. 
Such wide and, in a sense, nebulous aims would be foredoomed to utter 
failure unless the deeper and unifying aspects of the studies could be 
clearly and precisely stated. This was one 6f the final tasks which Dr. 
Hooton performed with his usual thoroughness: a thoroughness which 
Save the necessary coherence and meaning to the symposium as a whole. 

| Having witnessed the success with which Dr. Hooton handled his 
difficult role, the contributors dedicate this symposium to his honor. 
We hope that interest shown by the listening audience is indicative ofa 
wider, growing interest in primatology whieh will remain as a lasting 
tribute to Dr. Hooton’s efforts. 
JAMES А. GAVAN 
Medical College of South Carolina 
Charleston, В. С. 
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THE IMPORTANCE OF PRIMATE STUDIES 
IN ANTHROPOLOGY 


BY EARNEST HOOTON 
Harvard University 


A is the study of man, but difficulties have been 
encountered in formulating a satisfactory scientific definition of 
man. Huxley's * erect and featherless biped,” apparently harks back to 
Plato, for Diogenes Laertius (circa A.D. 200) says: “ Plato having 
defined man to be a two-legged animal without feathers, Diogenes 
plucked a cock and brought it into the Academy, and -said, ‘This is 
Plato’s man.) Оп which account this addition was made to the defini- 
tion—‘ with broad flat nails?” Аз emended, this might include also 
the anthropoid apes. The most liberal definition of man with which 
I am familiar is that of Shaw, propounded in his introduction to “ Back 
to Methuselah.” He characterizes man as “ only an amoeba with acquire- 
ments.” This seems to me to be going a bit too far down the animal 
line, in addition to smacking of Lamarckianism. 

The contention that we must settle upon a definition of man before 
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we can delimit the scope of anthropology is, however, something more 
than а semantic quibble. Efforts to separate man from other тиши) 
by adding to Plato's qualifications for humanity other requisites, aes 
as articulate speech, the possession of a soul, the development of a culture 
(whatever that is), etc., are too vague for usefulness and merely lead to 
further definitions, dialecties, and hair-splittings. Even the famous 
dictum that man is *the only animal that drinks when he isn't thirsty 
and makes love all the year round ? does not rid us of the company of 
the great apes, nor even of the less socially acceptable monkeys. 

There is, in point of fact, a rather serious disagreement as to the 
human or infra-human status of the erect, presumably featherless, biped 
Australopithecinae of South Africa, who almost certainly had feet modi- 
fied away from the prehensile type for support in two-legged locomotion, 
who probably used sticks and stones with their emancipated fore-limbs, 
who satisfied the minimal and some further dental requirements for 
human status and yet seem to have had such small brains that their 
hats would not have slipped down over the ears of a chimpanzee. If 


these Australopithecinae were men, we shall have to enlarge the zoological 
scope of anthropology. 


However, I do not really 
whether they were ape men or m 
other taxonomic questions, which 
tion of that interest in termin 
social scientist. While the in 


worry about the Australopithecinae— 
erely man apes—nor about any of these 
л I have raised principally as the exhibi- 
ology necessary to qualify myself as 8 
vention of a new term to describe old 
things might enhance the valuation of this preamble to a couple of days 
of papers on apes, monkeys, and their ilk, T shall fall back upon the use 
of the word * primatology.” This term, although repellant and linguis- 
tically a hybrid, is redeemed if not legitimated by a dual connotation : 
the study of the highest animal order and the study which of all the 
-ologies is, or ought to be, primus, prime, or first in importance. 

For it is my contention that Departments of Primatology should be 
established, not only as sep 


; arate sections of our great research institu- 
tions, but also as teaching divisions in our universities, T shall endeavor 


to support this Proposal, however, solely by pointing out how basic to 
the understanding of anthropology, Sociology, psychology, and all of the 
other disciplines that pertain to man, is the investigation with every 


sil ientific i 1 : 2 
ien ble scien 4 "heit a and method of the primate animals grouped 
y “innaeus and his successors in the order that includes man. 
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TIIE IMPORTANCE OF PRIMATE STUDIES TO PHYSICAL ANTHROPOLOGY 
AND TO GENERAL BIOLOGY 

Татопоту 

Taxonomy, which assigns man and all other animals to their proper 
pigeon-holes in the zoological filing cabinet, has become somewhat 
negleeted in these days when anatomists prefer to be histologists and 
when zoologists are preoceupied with biochemistry, physiology, and endo- 
crinology. Yet our weariness with the eternal wrangling over what 
constitutes a species, or a subspecies, must not blunt a keen realization 
of the continuing importance of researches in comparative anatomy and 
comparative physiology. The essay published by Edward Tyson in 1699, 
“ Orang-Outang, sive Homo Sylvestris, or the Anatomy of a Pygmie 
compared with that of a Monkey, an Ape, and a Man," is one of the 
greatest achievements of science leading to an understanding of higher 
primate evolution. We cannot all be Tysons, but the rewarding task of 
comparing the apes and the more important monkeys with each other 
system by system is not merely incomplete; it has hardly been begun. 
In fact, there is not even one great anthropoid ape whose anatomy has 
been completely described, to say nothing of the intercomparisons with 
other genera. 


Human Evolution 


The foundations and the main structural features of the theory of 
human evolution are built up from the materials furnished by prima- 
tology. Apart from the general body of anatomical and physiological 
knowledge appertaining to all of Homo sapiens or modern man, which is 
utilizable as the human frame of reference in taxonomy and comparative 
anatomy, there is little, in fact almost nothjng, in the anthropology of 
recent Homo sapiens that contributes substantially to the theory of man’s 
evolution from other primate forms. There are no stages of human 
evolution discernible in the anatomy and physiology of recent man ; only 
Variations, mosaics of progressive and retrogressive characters, and a 
blurred picture of continuing differentiation, either without direction or 
Possibly degenerative. We have to go back to the anatomically archaic 
forms of man, rather ponderously called palaeanthropic, before the accu- 
mulating evidence of an origin in apelike forms becomes plausible, and 
to the study of contemporary great apes and fossil apes before that 
evidence becomes impressive and conclusive. 

The anatomist or anthropologist who attempts to reconstruct the skull 
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and the postcranial skeleton of a palaeanthropie type of man pecie 
sound knowledge of the anatomy of the great apes and of at leas 1 " 
Old World monkeys is really only a sort of chiropractor operating in a 
situation where the patient cannot complain and the injury done % 
science, while not fatal, results in the mutilation of fact and the per 
version of theory. Ignorance and naiveté do not excuse anyone for 
concocting hypothetical human ancestors from a few surviving bony 
fragments, with the help only of a couple of dissecting room skulls, a 
text-book of anatomy, and perhaps the cranium of one miserable chim- 
panzee. Piecing together the skeletal remains of Homo sapiens is not 


: 9 FP ds шау be 
much more diffieult than mending a pot, and missing parts may 


restored with some confidence. But doing this job on, for example, 


the Australopithecinae requires a knowledge of infra-human primate 
anatomy possessed by few scientists in our time aside from Sir Arthur 
Keith and Adolph Schultz. 

In figuring out the anatomical reconstructi А 
pretation of such post-cranial parts as the spine, the foot, and the pelvis, 
in forms so remote from modern man as are these South African ape 
men or man apes, a knowledge of human and anthropoid ape anatomy 
is insufficient. It has to be supplemented, as William Straus and other 
astute students know, by a thorough familiarity with the anatomy and 


the mechanies of posture and gait in terrestrial quadrapedal primates 
such as the baboon. 


I need not labor this 
remarking that many 
the minutiae of denta 
who do not hesitate t 


on and physiological inter- 


point further, but I cannot refrain from 
persons who write eruditely and definitively upon 
1 morphology in ancient man and other animals, 
0 draw phylogenetic conclusions from a variation 
in form of the wrinkles Separating molar cusps, and all that sort of stuff, 
overlook the fact that there does not exist as yet even an adequate, much 
less an exhaustive, description of the dentition of the common or garden 
chimpanzee, based upon any reasonably large series of specimens. 


The range of variation of ape characters is extremely wide. Та а 
Peabody Museum collection of some 


300 chimpanzee crania from а 
restricted area in Liberia, this extensive variation manifests itself not 
only in dentition, but in er 


anial morphology and brain size. There are 
in this collection chimpanzees with sagitt 
to occur only in male gorillas and m. 


capacity varies so much that the upper: 
the gorilla. Ought we to build a toweri 


al crests, such as are supposed 
ale orang-utans. Тһе cranial 
most limit overlaps the range of 
ng structure of human phylogeny 
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upon the sands of ignorance of primate anatomy? We do not know 
enough about the anatomy and dentition of existing primates safely to 
interpret those of fossil primates, proto-human or infra-human. We 
sorely need dozens of trained investigators in the field so richly cul- 
tivated by Adoph Schultz; it is far too big and too important for even 
this great anthropologist to work alone. 


Human Physiology and Pathology 

The science of physiology progresses largely by the use of experi- 
mental animals, The results of experiments upon and observations of 
the physiological processes of lower animals are utilized in human con- 
texts. It seems reasonable to suppose that the closer the experimental 
animal is to man, structurally and physiologically, the more accurately 
will the experimental findings apply to man, whether in physiology or 
pathology. Among the most important physiological discoveries of the 
century, as respects its anthropological significance, and in the field of 
immunology, must be reckoned the antigens or blood substances, 
including the standard ABO blood groups, the MN, the Rh system, 
and others that are now too numerous to mention. The finding of 
blood substances among the great apes identical with, or closely similar 
to, those in man, made necessary a radical revision of theories of the 
date of origin and the prehistoric processes of diffusion of the human 
ABO blood groups and their genes. For example, it rendered untenable 
the theory that the New World was peopled from Asia before the 
mutations that originated the A and B substances (the p and q genes) 
merely because it was thought that all American Indians of unmixed 
blood belonged to group О. The accidental discovery of the Rh factor, 
derived from serological abuse of the humble rhesus monkey, has ramified 
into a complex system, which has great promise of significance in the 
determination of racial differences. Perhaps even more important is the 
discovery that the Rh factors and, by inference, many other blood 
Properties are not, as previously supposed, biologically neutral or indif- 
ferent, but that, on the contrary, they may be vital factors in the selection 
for survival or extinction of the animal that possesses them. It seems 
probable that a much more extensive use of primate material not only 
m Serologieal studies, but in the whole area of human physiology and 
biochemistry, might throw a brighter and clearer light upon human 
problems than is shed by depending upon one-candle experimental lower 
animals. Tt is realized that anthropoid apes are expensive, slow-breeding, 
and, in some cases almost impossible to raise in eapitivity, but these 
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obstacles would be surmounted if there were enough interest in their 
use for these purposes. That interest can be aroused only if the special 
value of infra-human primate physiology is recognized as bearing upon 
similar processes in human beings. Of course, monkeys and lower 
primates still are much cheaper to keep and much more rapid to repro- 
duce, but, as far as I am aware, only the rhesus monkey is commonly 
used as a laboratory animal. ы 

Some years ago Dr. S. Zuckerman, having reported a number of 
inter-generic and inter-specific crosses in the primate order that were 
recorded in the London Zoological Gardens, informed me in conversation 
of his desire and intention to carry on breeding and race-crossing experi- 
ments with lower primates, especially lemurs. Apparently this project 
never came to fruition. But why cannot genetic studies be made upon 
the lower primates? Must we forever depend upon genetic inferences 
carried over the vast chasm that yawns between man and the drosophila ? 
Of course, rats, rabbits, and guinea pigs are zoologically more relevant 
to man than fruit flies, but do we not perhaps omit something very 
important when we fail to act upon the reasonable supposition that the 
genetics of the order to which we belong, even of the more remote genera 
and species of that order, are probably more closely applicable to our 
species than the genetics of lower mammals or of insects? 

The study of human growth changes has been vitalized in recent 
decades by the use of x-ray methods and by physiological interpretations 
made possible by advances in endocrinology. In early days, the com- 
paratively sterile studies of growth yielded little more аш annual 
increments of anthropometric measurements and smoothed curves. The 
study of age changes from maturity to senility urgently demands the 
attention of medical and anthropological investigators, and not much 
has been done about it in the way of organized төленген, Both types of 
investigation, involving the development and maturation of the human 
organism and its gradual deterioration and disintegration, could be 
helped and accelerated, in my opinion, by the use of parellel studies 
mm P deir primates—apes and monkeys. Тһе latter could be 
нен 5 d су procedures that we hardly venture to try upon 

| or those of any other human parent. Such growth 
studies of the chimpanzee as have been carried out by Nissen, Gavan, 


and others in the Yerkes Laboratory at Orange Park have been, it seems 
to me, of enormous interest and value ! 
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THE IMPORTANCE OF PRIMATE STUDIES TO CULTURAL ANTHROPOLOGY AND, 
IN GENERAL, TO THE UNDERSTANDING OF HUMAN BEHAVIOR 


Man's use of tools and weapons has usually been considered as one 
of his prime distinguishing characteristics, and so it is. However, the 
manual equipment of the infra-human primates is, in some genera and 
Species, only a little inferior to that of man. All of you are familiar 
with the contributions of Koehler, Yerkes, and other students of primate 
psychology to the use of tools by chimpanzees and other infra-human 
primates. These studies have great significance with reference to the 
beginning of tool-using in our early human and proto-human ancestors. 
But more intensive investigations of tool- and weapon-using in apes 
and monkeys are needed and it would seem that the relationship of brain 
and general neurological development to the tool-using capacity might 
be studied with profit. 

Тһе ever-intriguing Australopithecinae had possibly arrived at an 
evolutionary status in which they were using tools of the ready-made 
kind and were perhaps even attempting to alter natural objects the 
better to serve such purposes. How large a brain, or how complicated a 
nervous organization, is required to effect the transition between using 
natural objects and fabricating or trying to make tools and weapons ? 
We need the primatologist in trying to solve this problem. 

Social anthropology and sociology have been so greatly enriched by 
studies of the family life and social habits of infra-human primates, 
notably those of Yerkes, C. R. Carpenter, S. Zuckerman, and Henry 
Nissen, that it seems superfluous to coment in any detail upon them. 
I shall no doubt evoke the indignant disagreement of social anthropol- 
ogists when I suggest that more is to be learned about the genesis of the 
human family and the beginning of social organization and community 
life in early man by the study of contemporary infra-human primates 
living under natural conditions than by the studies of retarded human 
groups living today under conditions variously described as “ primitive,” 

uncivilized ? or “savage.” In my time I have read a fair number of 
excellent anthropologieal monographs dealing with these modern “ primi- 
lives? op « pre-literates "—all the way from the Negrito, the Bushman, 
and the Australian upward to higher levels of material culture and social 
Organization (if one may be permitted to imply that there are different 
levels). Far be it from me to impugn the value of these studies, but 
these contemporary savages are not * primitive," not on the evolutionary 


186 EARNEST HOOTON 


upgrade, not the stuff of which societal progress is made. Whether 
environmentally underprivileged or genetically underendowed, or both, 
they are cultural imbeciles or morons—at any rate if we believe our 
“ civilizations " are superior to their rude ways of life. If they are too 
smart to “fall for” our higher cultures, they are that much further 
from our ancestral prototypes. 

To me, what Carpenter tells us about the family life of the gibbon, 
and the contrasts between the group and individual life of, first, the 
Hamadryas baboon, then the macaque, and then the howling monkey, 
are far more instructive for the history of the prehuman, proto-human 
and early human social groupings than any of the stuff on present-day 
savages written by anthropologists. 

Of course these splendid pioneer studies of the behavior of infra- 
human primates in the wild have already been incorporated into the 
basic literature of anthropology. But I view with utmost dismay the 
lack of sustained interest in such studies, the present reluctance of 
institutions to promote them, and the difficulty of financing them, which 
Т assume to be the reason for their discontinuance by Carpenter and for 
the failure of other younger men to take 
I know of no studies bearing upon man’s cultural and social origins 
that have been begun so brilliantly, that have progressed so magnificently, 
and that have been abandoned so miserably and ignominiously. It is ав 
if one were to dig for oil, strike a gusher, and then immediately cap it 


up and go away and forget about it. Anthropology needs more studies 
of primate sociology. 


them up where he has left off. 


Personality, Temperament, and Intelligence 


The studies of primate intelligence, personality, and temperament 80 
painstakingly and successfully conducted by experimental animal psy- 
chologists in the past 30 years and more are just as interesting and 
important to the anthropologists ав to any psychologist. Tt will be 2 
serious detriment to the development of anthropology if the interests of 
psychologists in this field of investigation flag or lapse, as I sometimes 
fear to be the case. Tt may be pointed out that of the anthropoid apes, 
only the chimpanzee has received any considerable amount of attention 
in this respect. I do not, of course, forget the splendid studies of Yerkes 
on Julius the Orang and on the young female gorilla, Congo. Other 
isolated studies might be mentioned, all invaluable to the student who 
feels that a knowledge of the psychology of the primates is necessary 
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for the interpretation of human mental development. It should be clear 
that everything known to us about individual morphological variation 
in the higher primates, especially the great apes, leads to the surmise 
that they must differ individually so widely in temperament, in intelli- 
gence, and in personality that many studies of single subject apes will 
be required to establish the ranges and the norms. Probably newer and 
better techniques of studying the individuality of apes and monkeys will 
bring us even more valuable insights into the interrelationship of body 
and mind within the same species. 

I presume that the specialties of linguistics, phoneties, neurology 
and neuro-anatomy have developed a long way since primate investigators 
first tackled the problem of the capacities of the great apes for articulate 
Speech. Тһе subject urgently requires further study and experimentation. 


\ 


Conclusion 


Recent man and his fossil precursors may be taken to represent the 
| арех and the uppermost courses of a primate pyramid, the bottom of 
| which was laid down in the Eocene, a matter of 60 millions of years ago. 
Im Some existing forms represent survivors from all or nearly all of the 
Successive courses topped by man. There are many fragmentary blocks 
in each of these courses and some are missing entirely. These are the 
extinet primate forms, a few preserved in part as fossils. Every system 
of the human organism—skeletal, muscular, circulatory, digestive, ner- 
Vous or what not—is built upon its precursors in the underlying layers. 
Every detail of each system and every variation has originated in one or 
other of the lower courses. If we are to understand man, if we are to be 
anthropologists in a real sense of the term, our knowledge of every 
aspect of the human organism and its functioning should extend down- 
ward to its lower primate origin. We can leave the earlier precursors 
of our order to the general zoologists and to the palacontologists. 

lig anthropology is going to amount to anything as a complete science 
of man, it will have to avoid splitting itself up into specialties that tend 
to secede and join up with other disciplines—such as social anthropology 
going over to sociology and social psychology, physical anthropology to 
| human anatomy and general biology, arehaeology to fine arts and history. 
! These fissions and new agglutinations result principally in dismembering 
шал and his behavior, pushing Humpty Dumpty off the wall, so that 
DOwhere is there to be found a comprehensive treatment of the total 
human animal. The way of salvation for anthropology lies in main- 
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taining its unity, even though the title is pretentious and overambitious 
for the present coverage by a few practitioners. But under this all- 
inclusive name anthropologists can welcome to their hospitable board all 
sorts of other scientists, who may not only sit with them and put their 
feet under the anthropological table, but are also privileged to bring 
with them their own provender, of which the sponsoring anthropologists 
gladly and greedily partake. So in this symposium on primate studies, 
sponsored by anthropology, the contributors are psychologists, palaeon- 
tologists, geologists, dental specialists, human anatomists, comparative 
anatomists, serologists, and one or two anthropologists. We appreciate 
what our colleagues bring to us and they can find perhaps a warmer 
reception here for their primate studies than in their own specialties. 
We do not proselytize; we do not want to seduce them away from their 
own disciplines, but we insist upon regarding them as true, full-fledged 
anthropologists. Paraphrasing some Roman or other we anthropologists 
say: Primatus sum, nihil primatum mihi alienum puto, which, being 


translated, is “I am a primate; nothing about primates is outside of 
my bailiwick.” 
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FOSSIL PRIMATES IN THE NEW WORLD 
CABSTRACT) 


BY G. L. JEPSEN 
Department of Geology, Princeton University, 
Princeton, N. J. 


NLY three orders of living mammals, the marsupials, insectivores, 
and carnivores, have longer geological histories than the primates 
whose oldest known members occur in North America in sediments of 
mid Paleocene age,—about 65 million years ago. These earliest prosim- 
lans, mostly tree-living fruit-eaters, are distributed among five families 
and present many intricate problems of origin and distribution. Their 
relationships among themselves and to the living prosimians of the Old 
World and to the anthropoids of both hemispheres are obscure. 

Two of these early families, the Carpolestidae and the Phenacole- 
muridae were exclusively North American in distribution and became 
extinct in the early Eocene. A third family, the Plesiadapidae, has a 
Similar range in North America but it survived a little longer in Europe, 
after appearing there in the late Paleocene. Members of the other two 
families, the highly specialized Apatemyidae and the tarsiiform Anapto- 
morphidae lived continuously in North America, for a period of about 
30 million years, until early Oligocene time. They also inhabited Europe 
during the Eocene, and, in this epoch a sixth prosimian family, the 
Adapidae, appeared in both North America and Europe. 

_ There is no record of primates in North America from the early 
Oligocene to the time of human occupation, а gap of approximately 
35 million years. However, in South America a few fossil platyrrhine 
monkeys of Miocene age have been found in Patagonia and Colombia, 
and an extinct genus, Pleistocene or recent in age, from Jamaica brings 
& record of fossil anthropoids closer to North America. АП these forms 
(the total is only a few fragments representing three or four genera) 
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were apparently closely related to the living ceboids and marmosets, 
and do not indicate their relationships to the earlier North American 
groups or to Old World primates. Тһе platyrrhines were probably 
derived, however, from some part of the North American early Tertiary 
prosimian stock that reached South America by land in the Paleocene 
or by raft somewhat later. 

А few more than 100 genera of extinct primates are now known. 
Most of these, about 70, are prosimians (tupaioids, lemuroids, and tar- 
810148) which are represented by a few more genera in the New World 
than in the Eastern Hemisphere. Only one genus, an early Tertiary 
form, occurred on both sides of the Atlantic. 

The distribution pattern of the genera of prosimians in North 
America and Europe suggests some interesting speculations. In North 
America the number of genera of primates increased rapidly from the 
earliest appearance in the mid Paleocene to the greatest figure, 13, in 
the early Eocene, and then declined. In Europe the rise to the same 


maximum number of genera was a little later and the disappearance 
occurred even faster. 


Evidence from fossil plants of a temperature increase in North 


America between early Paleocene and late Eocene time might be cor- 
related with the increase of the prosimians, and their decline may have 
been the result of selective competition in the great evolutionary surge 


of the rodents, which had earlier overcome the multitubereulates, in mid 
and late Eocene time. 


THE GEOLOGIC HISTORY ОЕ NON-HOMINID 
PRIMATES IN THE OLD WORLD 


BY BRYAN PATTERSON 
Chicago Natural History Museum 


ISAGREEMENTS among students of the primates are many and 
! profound—a statement that hardly possesses the charm of novelty. 
Since these disagreements extend to what should and what should not 
be ineluded in the order both at the bottom and, in the family Homi- 
nidae, at the top, it becomes necessary at the outset to define the term 
non-hominid primate." In this diseussion, it will include the tupaioids 
and exclude the Australopithecus group. Аз thus limited, the topic 
18 à very large one, requiring for thorough treatment far more space 
than сап be allotted here. In an attempt to cover as much ground as 
газа, the setting in which Old World primate history unfolded will 
E Нэрээ upon, the nature of the fossil record reviewed, some points 
gis roe out for mention, and, in conclusion, a brief discussion 
light of certain theoretieal interpretations that seem reasonable in the 
Eht of the knowledge now available. 
о 


THE SETTING 


№ evolution of the primates in the Old World took-place over the 
Dern r part of Eurasia and Africa. We may confidently infer that this 
кт a area has always been diverse climatically and topographically, 
Een not as much so, as regards climate at least, in the earlier 
^ қы аз during the latest Tertiary, Pleistocene, and Recent periods. 
it is “ 10wever, much more eut up at various times in the past than 
Bur 2 А great negative belt in the earth's crust extended across it 
р е Atlantic to the Pacific. This was the site of the Tethys Sea, 

ich the Mediterranean is a remnant, a major barrier during much 
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of the Tertiary to free faunal interchange between Europe and ig 
Asia, on the one side, and Africa and Southern Asia, on the other. te 
barrier, of course, was neither complete nor continuous; the лр 
inflow of sediment combined with temporary cessation or slowing 0 
subsidence here and there would have resulted in temporary land con- 
nections or insular stepping stones at various places along its enormous 
length. There were other negative belts, small only in comparison with 
the Tethys, that played their parts in the fragmentation process; to 
name only one, I may mention the Uralian trough, which occupied 
roughly the present site of the Ural mountains and served for some time 
as a partial barrier to east-west faunal movements in the northern 20058; 
In addition to the long continuing, although not continuous, barriers 
presented by the negative belts, parts of the land areas were at times 
flooded by shallow epicontinental seas that must effectively have isolated 
areas of higher ground. Western Europe, for example, must have been 
an archipelago several times in its history. 
changing relations between land and sea, 
took place, 


Coneurrently with these ever- 

climatic fluctuations certainly 
together with concomitant changes in the distribution of 
forest and savannah, steppe and arid region. Under such conditions, 
ranges would be shifted, contracted, or expanded; contiguous regions 
would be sundered, perhaps fragmented, to remain separated for longer 
or shorter periods of time and then to be reunited. "This would seem to 
be true especially for the earlier part of the Tertiary. Ав time went ОП, 
ihe area became progressively more unified. Conditions, in short, were 
excellent for evolutionary diversification. With Old World primate 
evolution oecurring in a setting such as this, it is difficult to take 
seriously the pronouncements so frequent in the literature that this gr 
that group of primates arose in this or that region— certainly not in 
the present very sketchy state of our knowledge, 


THE NATURE OF THE RECORD 

Just how sketchy this knowl 
reveals. The various sy 
fossil primate finds in s 
than specific localities 


edge is, a glance at the map (fig. 1) 


mbols show, very roughly, the distribution of 
pace and time. 
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longest and most intensively worked, do we have anything ү, л 
remotely approaches a continuous record. Тһе scarcity of recor 5 2 : 
the other, much larger, regions stands out in striking contrast. Hanoy 
contains the only Paleocene locality that has yielded primates, and there 
also is found the only Eocene sequence. Extra-European Eocene locali- 
ties number but two, both Late: one in northern China and one m 
Burma. All we know about primate life in the Oligocene is derived 
from a few finds in Egypt and Central Asia. Were it not for the East 
African Miocene, our records for this epoch would be meager indeed. 
The Pliocene is represented by relatively abundant although fragmentary 
material from India; elsewhere chiefly by various finds in Europe, 
including one new one of outstanding importance—the new material of 
Pliopithecus. Pleistocene symbols are more numerous than any others 
on the map, but this is unfortunately no indication that our knowledge 
of the primates of this epoch is adequate. The fact is that nearly every- 
where, Western Europe excepted, the surface has barely been scratched. 
Going on a consideration of the number of genera known (table 1), 
the deficiencies of our knowledge become even more apparent. There 
are 43 genera of living Old World non-hominid primates, give or take 
a few in either direction, according to taste in lumping or splitting. 
About 60 extinct genera are known, approximately half again as many 
as the living. This small total becomes even less impressive when we 
reflect that the vast majority are known only from fragments of man- 
dibles and maxillaries. The number of forms of which we have a fair 
knowledge of skull structure and/or some acquaintance with the poste 
cranial skeleton is far fewer. Тһе roll of these is soon called. Paleocene: 
Plesiadapis (from North American material) ; Eocene: Adapis, Pronyc- 
licebus, Necrolemur; Miocene: Progalago, Limnopithecus, Proconsul; 
Pliocene: Mesopithecus, Livypithecus, Pliopithecus; Pleistocene: most 
of the Malagasy lemuroids and the African cercopithecids, the Chinese 
material of Rhinopithecus. For the Tertiary this makes a total of 10- 
Paleontology can speak with some authority on the taxonomy and 
phylogeny of certain of the living orders of mammals—for example, m 
genera outnumber living by nearly 4 to 1, in 


Artiodactyla extinct 
Perissodactyla by 25 to 1; it is evident, however, that it cannot yet do 


so for the Primates, 

At this point, perhaps, the reader 
cussion to be concluded for lack of ey 
bad as that, though. 


might reasonably expect the dis- 
idence. Things are not quite as 


In any survey of a history it is very proper to 
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state what the gaps are and where they occur, but it is equally proper 
to go on and do as well as possible with what is in hand. Every primate 
fossil is a precious relie that contributes its bit to the history of the 
order. True, the evidence thus far contributed is often capable of 
conflieting interpretations, but sooner or later matters iron out; new 
discoveries permit new perspectives, and progress, however halting, is 
made. Paleontology may not as yet be able to speak with authority, 
but it is now in a position to make suggestions that seem reasonable 
and worthy of attention. From here on, then, we can begin to look 
more at the positive, or brighter, side. 


DISTRIBUTION 


Some interesting data concerning geographical distribution are avail- 
able. The scanty Pleistocene records show that the orang utan was 1n 
India during the Early Pleistocene, and thus suggest that it was present 
in south-eastern Asia throughout most if not all of the epoch. The few 
remains of Pleistocene gibbons extend the present range of Mylobates 
into southwestern China. Interglacial climates more favorable than the 
present permitted Presbytis to range westward into Europe and Macaca 
to extend as far north as England. Papio, together with Macaca, has 
been reported from the Mid Pliocene of India, but more complete remains 
would perhaps make a new generic assignment necessary. It is cleat 


that, during the later Tertiary, the gibbon group ranged widely ove! 
the Old World, together with the rather heterogeneous and probably 
artificial аззет ас 


e known as the Dryopithecinae. The very few later 
Tertiary and the Pleistocene records of prosimians are all within the 
areas now occupied by their surviving relatives, a fact which supports 
the inference, reasonable ол general grounds, that the Prosimii had by 
then been displaced by the catarrhine expansion, and relegated to the 
marginal areas or ecologic niches they now occupy. Our knowledge 
earlier Tertiary prosimians is almost wholly limited to Western Europe: 
but we can be sure that the Broup was very wide spread in the Paleocene 
and Eocene. In general, as Cenozoic time went on, and Eurasia an¢ 
Africa became progressively more unified, increasing opportunity for 
wide dispersal was available to successful groups. т 
The most important single zoogeographical datum in connection with 


primate history is this: Since the Early Eocene, Old World and New 
World primate evolution appear to have gone their separate ways. We 
can state with confidence that some Paleocene primate exchange took 
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place between the hemispheres, witness the common presence of plesia- 
dapids. Plesiadapis itself, by the way, is ihe only genus, other than 
Homo, known to occur in both. Тһе lack of Early Eocene genera 
common to the two is surprising, because this was the time of greatest 
faunal interchange between Eurasia and North America, indicating a 
broadly open migration route (Simpson, 247). Primates surely partici- 
pated in this interchange, but perhaps ecological barriers may have 
prevented their rapid spread westward in the Old World. The Early 
Eocene primate fauna of eastern Asia, if and when it is made known, 
may well turn out to be more similar to that of North America. So long 
as nothing is known east of Europe for this part of the Tertiary, it is 
of little use to speculate concerning the absence of various American 
super-generic groups in Europe. Suffice it to say that the general cast 
of the primate fauna, the degrees of evolutionary advance, etc., were 
broadly comparable in the two areas. 

Following the Early Eocene connection, Burasia and North America 
Were apparently separated until the Late Eocene. Neither during this 
шоу any of the later connections is there evidence of any primate migra- 
tions until Homo sapiens arrives on the scene. Conditions in the vicinity 
of the bridge, which was very probably in the Bering Strait region, were 
evidently unfavorable climatically for members of the order in existence 
at the various times of connection. This very early separation of the 
basal primate stock has a decided bearing on major taxonomy, as will 
appear. 


SOME ASPECTS OF THE RECORD 


| Space is lacking for any detailed review of the factual evidence, and 
Since nearly all of it has been so well described by authors whose works 
are thoroughly familiar, this is not too serious. I shall therefore take 
Up only a few specific points and touch on one or two matters of general 
interest. Тһе absence of any definite records of the Тарайдае is 
Puzzling, because, be they primates or only near-primates, they have 
certainly come down to us from the earliest times. It may perhaps be 
that we have them and do not know it. The tupaiid dentition is quite 
characteristic, but it is possible that this might have been acquired in 
post-Eocene time, with Eocene and Paleocene representatives conse- 
Бэрэн d remaining undetected. The question mark іп the Mid Eocene 
п table 1 refers to two genera recently referred to the family by Weitzel 
(49). Unfortunately, his descriptions are cursory and given in general 
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terms, and he does not figure the tooth crowns. The general body form 
is quite tupaiid-like, but this by itself is hardly sufficient evidence. These 
forms may perhaps be related to the Paleocene adapisoricids and these 
in turn could conceivably be tupaioids, but this is all very conjectural.* 
The tupaioid affinities of the Anagalidae have recently been called in 
question. Bohlin (751) has described Anagalopsis from a deposit in 
Central Asia that is not precisely dateable, but which may fall some- 
where in the later Oligocene if we may judge from the dentition of 
this form, which is more advanced than that of A nagale. Advanced 
in a peculiar way, the teeth being sub-hypsodont and unilaterally 80, 
in the manner of many rodents and some other forms. This is а 
decidedly odd feature for a primate, although not in itself grounds for 
excluding the family from the order. Bohlin regards the structure of 
the bulla, as he interprets it, as the decisive character, Since this has 
an open U-shaped cleft beneath the porus proper, and no meatus, he 
concludes that it must be formed by the tympanic, and not by the 
entotympanic as it is in tupaiids. It seems to me, however, that an 
entotympanic in the course of phylogeny might assume such a form, 
and I am therefore not yet prepared to throw overboard Simpson’s 
careful evaluation of the evidence favoring inclusion of the anagalids 
in the tupaioids. 

The whole Early Tertiary prosimian complex bristles with difficulties. 
Forms and series of forms are shuttled about from one division to another 
and there is disagreement over what should be included and excluded. 
For example, the microchoerids are placed by Gregory, Le Gros Clark, 
and Simpson in the Tarsioidea (by the last as a subfamily, Necrole- 
murinae, of Anaptomorphidae), while Hürzeler (248), who has recently 
completed a careful study of them, believes that they are closer to the 
lemuroids and entitled to rank as a distinct superfamily. For some, 
the Apatemyidae are primates, for others not, and so on. Such dis- 
agreements among highly competent authorities, the conflicting evidence 
responsible for them, and the number of genera that cannot be definitely 
jui strongly suggest that the distinction between lemuroids and 
tarsioids was not at that time very profound (Simpson, 45; Barth, 750). 

The mosaic of characters that makes classification of these forms 50 


_ * Following Teilhard de Chardin, the adapisoricids have been plaeed in the 
insectivore family Leptictidae by most authors, The early Eocene species referred 


to Addytsoren by Teilhard is a leptictid, but the type and other late Paleocene 
species do not appear to be referable to this family. 
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difficult may be traceable to conditions prevailing in the area during 
the early "Tertiary. Тһе reader will recall the changing relations 
between land and sea, the fluctuating climates, and the shifting vege- 
tation zones that the geologic evidence seems to indicate. Note that the 
Paleocene and Eocene together make up almost exactly half of Tertiary 
time, if we сап trust the present crude estimates of the duration of the 
epochs. Under such conditions and over such a length of time, small 
scale adaptive radiations would tend to arise in various separated regions. 
Reunion of these regions would lead to intergroup competition and to 
the reduction or elimination of the less well adapted of those groups 
that had happened to evolve in similar directions. Renewed separation 
would start the process anew. The genetic complex of any of these 
various stocks must have had much in common with those of all the 
others. Many mutations acting in these substrates would thus tend to 
have similar effects in distinct stocks, the closer the more nearly parallel 
the trends under way. Аза result, not only would similar details of 
dental morphology be attained, but independently achieved characters 
would occur in the skull and post-cranial skeleton as well. The net 
result would be a confusing array of small groups, each one resembling 
the others in a variety of ways, а situation extremely difficult to deal 
with on the basis of fragmentary fossil material. A small sample from 
one region, such as we have from Western Europe or from Western North 
America, obviously will not permit us to reconstruct very much of the 
story. In fact, if paleontology succeeds in even partially unravelling 
the tangle it will be doing very well indeed. 

At the end of the Eocene and the beginning of the Oligocene there 
appears a small array of genera—such as Amphipithecus, Moeripithecus, 
Parapithecus, Propliopithecus, “ Kansupithecus " *—that was probably 
of the greatest importance in primate history. Tt is more likely than 
not that these forms arose from some anaptomorphid stock, and very 
Possible that they, or rather the group they represent, were broadly 
ancestral to the Hominoidea and to the Cercopithecoidea. It is there- 
lore the more unfortunate that our knowledge of them is confined to the 
lower jaw. One, Propliopithecus, has been hailed as an ancestral gibbon ; 
it might about equally well, perhaps, be regarded as standing somewhere 
in the line of the Hominoidea as a whole (the others oceur in the table 
under Catarrhini incertae sedis). It is at this point in history, just 


* This name is technically invalid, Bohlin (46) having failed to name a species. 
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when things are getting really exciting, that the curtain descends on 
the higher primates, to remain down for two full subepochs. When 
it rises again in the Early Miocene, we are presented, thanks to the 
magnificent discoveries in East Africa, with an undoubted cercopithecid, 
generalized pongids and a primitive gibbon. 

Taking up the Cercopithecidae first, what strikes the eye is that the 
colobines have, in the books at least, a longer recorded history than the 
cercopithecines. This is based on M esopithecus, known from the Early 
Pliocene, to which the Early Miocene East African form has been tenta- 
tively referred in preliminary notices. There is something a little 
puzzling here. Тһе living colobines tend to be rather strictly arboreal, 
and their diet, as is well known, consists largely of leaves, for the 
digestion of which they have a specialized stomach. Mesopithecus is 
probably the most completely known fossil primate and its remains are 
quite common in Pontian deposits, skulls having been found in groups 
(Abel 97, p. 133). Тһе associated fauna is that of a steppe region, 
horses, antelopes and other open country forms oceurring in numbers. 
If Mesopithecus was a colobine with the diet and habitat preferences of 
its living relatives, why is it so common in a steppe fauna? А form 
living in trees along watercourses, as Colobus does in East Africa today, 
would hardly leave skulls in groups. A reexamination of the affinities 
of Mesopithecus would seem in order; the field evidence suggests 
cercopithecine relationships. The remaini 


: . ng cercopithecids call for no 
comment in a review of this brevity. 


The case of Oreopithecus, frequently considered to be 
deserves passing mention, if only as a horrible example of what should 
not happen. Originally described in the 1870s, a literature of approxi- 
mately 80 papers has grown up around it. Three views as to affinities 
have been held: that it was a pongid, an aberrant cercopithecid, or 8 
sort of connecting link between the two. Hürzeler (49) has recently 
made а thorough restudy of the genus and has concluded that it is 8 
pongid Ар anthropomorph ”) of uncertain affinities, and has nothing 
to do with the Cercopithecidae. Tt is shown in the table in the Бану 
Pliocene under Pongidae incertae sedis. Now comes the depressing part 
of the story.  Hürzeler believes that o 
describing or referring to the animal wer 
seen original material. The others were b 
on the published figures, 
widely distributed. Тһе 


а cercopithecid, 


ased on the previous literature, 
or on some casts that appear to have been 
figures were inaccurate and the casts were 
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misleading. Schwalbe, author of the longest and most quoted paper, 
apparently worked from the casts. Gregory, also working from the 
casts and laboring under the misapprehension that the age was Early 
Miocene, thought he detected a resemblance between Oreopithecus and 
the problematical Apidium, and from this stems the view that Apidiwm 
might have had something to do with the ancestry of the cercopithecids. 
Students of the fossil hominids must all be familiar with situations of 
this sort, expenditures of time and energy that resulted only in con- 
fusing the issue. "This and similar cases should inspire us to take steps 
io insure that such does not occur again. Of this more anon. 

“Ол dental evidence, the gibbons can be traced back to the Early 
Miocene, certainly, and perhaps on back to Propliopithecus. Of the 
Ponginae, neither Pan nor Gorilla has a fossil record. Pongo is recorded 
from teeth throughout the Pleistocene, and Hooijer (251) has recently 
discussed a Mid Pliocene P, from the Siwaliks, which he finds indis- 
tinguishable from that of the living species. The bulk of the pongid 
records is of course formed by the Dryopithecinae. The relatively 
meris Late Miocene and Pliocene finds are unfortunately not very 
helpful in tracing lines of descent, but they do show that a fairly rich 
variety of hominids was then in existence. The magnificent finds of 
Proconsul are so familiar that there is no need to go into any detail 
here. It is enough to say they reveal that an Early Miocene pongid 
had a brain of generalized catarrhine type, a jaw that had relatively 
narrow incisors and lacked a simian shelf, and limb bones that were not 
Specialized for brachiation. Presumably it progressed to a considerable 
€ on all fours. The contemporary gibbon Limnopithecus, the 

locene gibbon Pliopithecus (Zapfe, 752), and such few skeletal frag- 
ments of later dryopithecines as we have, combine to suggest that a 
Similar body form, at least, was characteristic of Miocene and earlier 

liocene pongids generally. 


SOME POSSIBLE INTERPRETATIONS 


So much for this very brief and necessarily incomplete survey of 
the available facts. A body of data requires organization if it is to 
ave meaning, and paleontological data are perhaps most succinctly 
expressed in the form of phylogenetic diagrams. The fact that such 
ee are notorious for the wide difference of opinion they usually 
isplay does not detract from their usefulness as shorthand expressions 
of different viewpoints. The scheme shown in figure 2 was published 
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recently by Adolph И. Schultz (53), one of the great students of Recent 
primates. It contains some questionable features. 'To begin with, some 
of the lines appear to be split unnecessarily far back. I find it incredible 
that the Hominidae should have originated at the beginning of the 
Oligocene, or that the Australopithecus group should have parted 
company with them shortly thereafter. The Pan and Gorilla lines surely 
Were not separate in the Early Pliocene, and it is perhaps doubtful if 
the Pan-Gorilla and Pongo phyla go back as far as the Mid Miocene. 
On the other hand, the break-up of the Cebidae certainly took place long 
before the Pliocene. Going on to more general topics, it is misleading 
to represent all extinct groups as so many minor twigs from main 
branches that extend without deviation or interruption from the distant 
past to the present, and the depiction of a main trunk running from 
Paleocene almost to Oligocene is somewhat of an oversimplification. 
Sehultzs diagram has not been singled out merely for the sake of сар- 
tous criticism, but because I suspect that it is a rather representative 
eh of ая primate evolution may appear to those who look into 
Hears и vantage point of the Recent. | 

"- = | E 2 submitted as an example of how the picture appears to 
ib Жш brew to look into time from the opposite direction.? Viewed 
nie le primate history has the appearance of a succession of 

$ of varying scope. 
"Р, тэдэ lines at the base of the figure are not there for purely 
the Syman ин. Аз Professor Jepsen remarked in the course of 
Базаң, а only three living orders, one of them non-placental, 
mental еу эк тооба history than the primates. A character funda- 
tribospheni he evolution of the Theria was the acquisition of the so-called 
вен ты from which the primate and all other types have 
өліміне ay It is now known that this molar type had come into 
the Age Lue middle of the Cretaceous Period. During that part of 
of time > {ер ев represented by the Late Cretaceous—a long stretch 
bios © probably longer than the Eocene, for example—mammals must 

dergone a considerable amount of diversification. At present, 


a 

Ме, familiar with the scheme presented by Simpson in his The Meaning of 

un син, (49, fig. 17, р. 91) will note а considerable degree of resemblance. The 

Брно actually independent. The explanation for this lies in the 1800 that 

ена, book exists in two editions. Іп опе, which I read, presentation and 
ssion of factual evidence is abbreviated, and the figure in question is not 


inel 
T Чей. 1 t edition until after figure 3 had been drafted. 


he did not see it in the fi 
agrei $ 1 
greement between the two is encouraging. 
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PHYLOGENY AND TAXONOMY OF THE PRIMATES 
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we know next to nothing about this earliest therian radiation, but we 
can infer that it took place—the diversified mammals of the Early 
Paleocene certainly did not come into existence overnight. “ Proto- 
primates? and * para-primates " surely formed part of it. Tupaioids, 
macroscelidids, perhaps apatemyids may have appeared at about this 
time, together with such poorly known groups as the adapisoricids and 
metacodontids.* 

Out of this radiation, possibly even а part of it, came the prosimian 
complex of the Paleocene and Eocene. If the dentition is any guide, 
these forms were a highly diversified lot, and it is possible, as Barth 
has Suggested, that they were not all arboreal but may have filled a 
number of ecologic niches open to small mammals, particularly in 
Paleocene and earlier Eocene time. This prosimian radiation seems 
to have largely ended with the Eocene, at least in regions from which 
We have reasonably good fossil records. The rise of modern types of 
rodents and of carnivores, which occurred about this time, may have 
been a contributing factor, but more important, probably, was the rise 
of the catarrhines. Tupaiids, lorisids, and tarsiids have managed to 
Survive the catarrhine inundation, but only by adaptation to ecologic 
niches in which they have escaped from competition. The only later 
Cenozoic prosimian expansion, that of the lemuroids, is the result of an 
accident. African prosimians, perhaps adapines, reached Madagascar 

a region to which no non-hominid catarrhine, and indeed few mammals 
of any sort, ever penetrated), possibly in Oligocene time and certainly 
by overseas transport, and there gave rise to the profusion of Recent 
and Late Pleistocene forms for which the island is so justly famous. 

А point to be made here is that the Paleocene and Eocene forms, 
not the terminal twigs that survive today, were the “real” Prosimii. 
As noted, the early forms have much in common structurally, and con- 
Stitute а reasonably compact group. As regards taxonomy, I would 
heartily agree with Simpson that it is preferable to include all, both 
early and late, in one suborder. 

If I May be pardoned a digression into the New World, the pla- 
tyrrhine radiation, like the lemuroid, was also the result of an accident 
a dispersa], this time from North America. The South American fossil 
record Permits the assumption that the date was in the first half of the 
Oligocene, As Gregory has suggested, the ancestral forms may possibly 


D “The last, а North American group, may be represented in the European 
cene by "Adapisorez " anglicus Forster Cooper. 
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have been notharetines, but this is very uncertain. А peculiar fact 
concerning the platyrrhines is that we have no good evidence that they 
ever evolved predominantly ground living types, despite the fact that 
the general situation, absence of placental carnivores, ete., would Зат 
to have been more favorable in South America than in the Old W orld. 
"This appears to be one more instance showing that the existence of 22 
evolutionary opportunity does not insure that it will be seized. In figure 
3, the lines of descent of the various eeboid sub-groups are projected very 
nearly to the presumed date of ingress. "Theory and an excellent 
example from another order may be cited in support. Аз Wright (49; 
р. 387) has remarked: “When... unoccupied territory is reached, а 
very extensive and rapid adaptive radiation should follow under the 
divergent selection pressures toward exploitation of the various special 
ecological niches, opened up by... the mere absence of competition . · - 
The caviomorph rodents, whose ancestors reached South America b? 
accidental means at about the same time as those of the platyrrhines, 
illustrate this perfectly, their major subdivisions becoming established 
almost from the start. А 
The fact that South American primates had an ancestry distinct 
from that of the catarrhines since at least the Early Eocene, taken 
together with their morphological peculiarities, entitles them, Т believe; 
to subordinal rank. Retention of the time-honored terms Platyrrbin! 
and Catarrhini would appear to be justified. i 
The catarrhine radiation, the most important from our point Р 
view, began before the end of the Eocene. Devond this important т жей 
we know almost nothing, due to the fragmentary nature of the few 


z of 
known Late Eocene and Early Oligocene specimens and the lack 0 


any records from the Middle and Late Oligocene. The cercopithecoid- 
hominoid dichotomy occurred before the Miocene but just when We : 
not know. Very successful in their own sphere, cercopithecoids шин 


had nothing to do with the ancestry of any other catarrhine group, 2” 
need no further consideration here, 


In reading the descriptions and discussions of the Miocene hominid 
it is possible to detect here and there a note of surprise concerning th 
evidence that they seem to have possessed i. 
catarrhine radiation was a fairly 1 id 


: 5 : +00 
ancestral forms were certainly quadrupedal, and it is therefore not ё 
remarkable that the earlier hominoids should also have been to an exte e 
А : : іше» 
quadrupedal ог that some, at least, remained so into Pliocene UT 


a quadrupedal gait. 
: EL 
ate one, geologically speaking; 


m 
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The new discoveries in fact deal a death blow to some old arguments 
concerning the origin of man, arguments which appear to have stemmed 
from typological thinking. Gibbons have rather distinctive molars, and 
because of this it is possible to trace a phyletic thread back from the 
present that does not get lost in the dryopithecine tangle. The Early 
Oligocene Propliopithecus could on this evidence be an ancestral gibbon, 
and has often been so regarded. As a result, a train of reasoning 
something like this appears to have prevailed in some quarters: living 
gibbons are brachiators par excellence; Propliopithecus was a gibbon, 
ergo it was an excellent brachiator; the ancestral pongines must have 
been too ; man does not brachiate, ergo his ancestors must have branched 
ot before this adaptation became established; Propliopithecus is Early 
Oligocene in age, ergo the Hominidae arose in the Eocene; Q. E. D. 
The new evidence, which rather strongly suggests that extreme specializa- 
tions in locomotion occurred quite late in hominoid history, does away 
е а objection to close affinity between hominids and pongids. 
Ч кү ы this affinity no longer have to combat the contention that 
бүйе > я in the direction of adaptation would be necessary in 
basically “эрч the one from the other. The concept responsible, 
Duce mS We old arguments against such derivation was the notion, 
d ша. prevalent, that all parts of animals evolved at about the 
S, a view repeatedly shown to be erroneous. 

tae locomotor apparatus of later ‘Tertiary hominoids has 
eaten ч, üs showing that man's ancestry did not pass through 4 
Sine haath stage, hailed almost with relief, as though brachiating were 
NO Teal ir sin. 1 БШШ that this is going too far and that there is 
ghe — for it. The objections to such a stage perhaps stem 
зайн m old views and may also be in part semantic—the word 
Pongids phas. associated with the extreme conditions in living 
the җе. i lere would seem to be nothing in the known structure of 
extent дед pongids to indicate that they did not brachiate to some 
tion каше үзе Gregory has long insisted, a moderate amount of brachia- 
On its "à ; о be the best explanation of how the hominid line got up 
Pongids s legs. Our ancestors, however, unlike those of the living 
бшп з able to take their brachiation or leave it alone. The 
today m is cage of this adaptation shown by hylobatines and pongines 
üprigh ау be as recent an event in primate history as acquisition of the 

ght gait. 

Some recent authors who favor an origin of the human stock from 
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the pongid, branch us off in the Early Miocene, if not earlier, again 
perhaps in an effort to avoid the demon brachiation. In figure 3, this 
event is postulated to have occurred considerably later. In view of the 
rapid evolutionary progress made by the hominid line during the Pleis- 
tocene, there seems to be no compelling reason for assuming that the 
earlier stages should have required longer than the 10 million years or 
so allotted to the Pliocene. Man is the result of an adaptive shift in 
the direction of evolution, and such events are rapid, geologically 
speaking. But man is a non-non-hominid primate and I must not 
discuss him further. 

These are the ideas of one paleontologist concerning the reasonable 
suggestions that paleontology can make about primate history (novelty 
for any of them is, of course, disclaimed). They are as tentative as our 
story is incomplete, but the history of primate discovery holds forth the 
promise of a far better base on which to build. Vertebrate paleontology 18 
roughly 150 years old. Ву the end of the first third of this period, say UP 
to 1859, only 7 extinct genera of primates had been described. Between 
1860 and 1900, 21 more were added (these figures are for the world) 5 
between 1901 and 1925, 33 and since 1926, 46. If this can be kept UP, 
we should be well off some day, but in the meantime we are not getting 
the most out of what we have. Professor Straus recently remarked that 
it would be nice if good casts of the australopithecines were generally 
available. I should like to go further and say that casts or photographs 
of all important fossil primate specimens should be prepared and made 
widely available for exchange or purchase. With existing media, espe" 
cially latex, magnificent casts can be made. Stereoscopic photomicro" 
graphs from various aspects would serve for small and delicate specimens. 
This sounds like an ambitious program, but it seems a good way to avoi 
more Oreopithecus inciden.s. If, then, we can continue the rate of dis- 
covery and provide for wide use of the materials we have and hope to get» 
a grandchildren will perhaps have the beginnings of a workable outline 
this ial aa and on this properly qualified note of optimis™ 

5 lon may be closed. 
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COMPARATIVE ANATOMY OF NEW WORLD 
PRIMATES AND ITS BEARING ON THE 
PHYLOGENY OF ANTHROPOID 
APES AND MEN 


CABSTRACT) 


BY G. E. ERIKSON 


Harvard Medical School 
Boston, Massachusetts 


HE platyrrhine primates, long slighted as a side issue in ын 

study of human evolution, have а peculiar relevance to that study 
by virtue of this very isolation. Independently evolved from Eocene 
lemuroids or tarsioids, the New World monkeys have developed Е 
remarkable series of features closely paralleling those developed m io 
Old World radiation. Тһе aspects of this parallelism most significon 
for the study of the evolution of anthropoid apes and men are thorh 
related to their locomotion and posture. In addition to the platyrrhine 
counterpart of the catarrhine monkey, the New World radiation pro- 
duced three genera (Ateles, Brachyleles, and Lagothrix) capable 0 
brachiation and displaying certain adaptations to upright posture. 


Sede эу ОШ 
А comparison of the structural correlates of brachiation in in 
World and New World primates provides a revealing technique 


in closely 


attempting to distinguish genetie from adaptive resemblance :on 
i 


related living forms and aids in the reconstruction of form and funct 0 
in fossil relatives. In the present study a more precise definition, " 
brachiation has been sought and contrasts have been made with um 
arboreal quadrupedal locomotion and terrestrial bipedalism. This pi 
volves an analysis of the proportionate lengths of limbs and 2 
segments and a comparison with trunk lengths, the proportions se 
articulations of the thoracic and lumbar spine regions, and the айар 
mechanisms in the musculo-skeletal structure of shoulder and hanes 

A full appreciation of the significance of this parallelism must aw? 
further study of these little known primates. 


PRIMATE EVOLUTION FROM THE VIEWPOINT 
OF COMPARATIVE ANATOMY 


ВУ D. DWIGHT DAVIS 


Curator of Vertebrate Anatomy 
Chicago Natural History Muscum 


HYSICAL anthropology, in so far as it deals with comparisons of 
The 2 Meere the primates, is a branch of comparative anatomy. 
EX oh уа as limitations, and the methodology are then those of com- 
vis 2 ды өйү. It may therefore be profitable to consider physical 
ie does хы against the broader background of comparative anatomy, 

e whether it has kept pace with development in the parent field. 
н pn an anthropologist, and I therefore have no anthropological 

à o prejudice my views. The fact that I am not an anthro- 
ню implies, of course, that I am grossly ignorant of the details 
ни d science. In this review we are not interested in details, however, 
aa a prineiples—which may easily become blurred or even 

we are too much preoccupied with details. 
Mus ee begin by considering very briefly the history of comparative 
он» changing fashions in comparative anatomy would be 

: in interpretations of primate evolution. 


TITE EVOLUTION OF COMPARATIVE ANATOMY, 


ils RBS anatomy is one of the oldest scientific disciplines, and 
СОВ а ан concepts have undergone considerable changes. "These were 
Mies 55 changes in direction. Оп the contrary, they follow a definite 
ава 27 S part they reflect the evolution of general scientific concepts, 
UNA the growth of morphological knowledge itself. No real 
purpose aca of comparative anatomy is possible unless these shifts in 
е appreciated. 
Until the middle of the nineteenth century the goal of comparative 
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anatomy was to discover the several * ideal plans" that were реа ч 
underlie the structure of organisms. It is difficult to appreciate the jer 
point of this by-gone era, when the concepts of historical Marce 
blood relationship between species had not yet entered biological thin н i 
The ideal plans were formal abstractions, devoid of meaning to t 
discoverers, except to those devout Christians to whom they represen 5 
the master blueprints of the Creator. Linnaeus, when he placed man 1 : 
his order Primates, certainly was not thinking in terms of blood кш 
Ship. Like the structure of crystals, or the periodic table of the Шш 
(аз Шеп understood), the common plans represented only мг 5 
systems. This concept is best seen in the works of Cuvier and ot n 
of the eighteenth and early nineteenth centuries. "This period in 1 
evolution of comparative anatomy produced an immense body of ian 
data that was incorporated into the period that followed. Its e 
important achievement was the concept of homology and analogy; 
developed by Owen, which is still the basie tool of comparative апо. 
Looking back from the vantage point of today, it is incredible thas 
the simple and obvious interpretation was not seen—that common аш 
ture is a product of common ancestry. Yet the history of science shows 
that such mental blocks are not uncor 
equally remarkable history 
in chemistry and physics 
The dr 
following 
know. 


mmon; we need recall only ds 
of the phlogiston theory, which held thinking 
enthralled for centuries. 77751) 
amatie shift in the goal of comparative anatomy immedi2 л 
the publication of the Origin of Species in 1859 is too a 
n to need more than passing mention. Almost overnight, once зу 
idea of descent with modification зу = 
was completely re-oriented. The go: 
of the structural elements of the an 
themselves; in other words, 
This is the theme of every 1 
апа the motivation. of nea 


This is a sterile aim. 


às grasped, comparative апа tory 
al then became to discover the his a 
imal body, and thus of the organs ny. 
the portrayal of the true course of Йу E 
extbook of comparative anatomy in use 30 

rly all research in this field. . gone 
Classical comparative anatomy has тете: ж 
beyond inferring and describing the temporal sequence of HIE 

events, and this is merely systematized knowledge. Dr. James D. 12 
recently contended that Systematized knowledge does not of itself p 
stitute a science, that such knowledge is significant only as it pue an 

to new ideas or Concepts. This seems to me to be a valid criterion, пей. 
it is preeisely at this point that classical comparative anatomy E en- 
If the concepts of Gegenbaur, Wiedersheim, and their spiritual dese 
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dants are the final chapter in the evolution of comparative anatomy, 
then this science deserves all the hard things that have been said about it. 
The central problem of historical biology is to explain, not to describe, 
the historical events that produced the bewildering diversity of living 
organisms that inhabit the earth today. 

Essentially all modern biologists have abandoned belief in any of the 
mystical drives that have been suggested as forces in evolution. "The 
evidence is overwhelming that evolution is non-purposive and non- 
directed, that it is opportunistie, based on probabilities. At every stage 
in a given lineage alternative courses were open and the one actually 
followed was determined in each instance by the interplay of random 
genetic factors in the breeding population on the one hand, and the com- 
plex of factors in the environment on the other. The factors that deter- 
mined shifts in adaptive direction may have been, and probably usually 
Were, very trivial at the outset, however far-reaching their ultimate 
results. Each lineage is thus the result of a continuous but constantly 
changing complex of probabilities, an organism-environment relationship 
80 precariously balanced as to suggest that evolution 13 truly indeter- 
minate, that if the whole show could be run off again the outcome would 
not be the same, and might indeed be very different. 

On such an indeterminate view, phylogeny is merely a pattern of 
What did happen in one particular case, merely one of an enormous 
number of possible patterns that could have resulted under identical сіт- 
cumstances, Phylogeny looks orderly and purposive, like the unfolding 
that the word “ evolution » implies, but actually it looks purposive only 
А8 retrospect. Past events determine future events in evolution, not 
directly and absolutely, but only by altering future probabilities. The 
difficult problem of discovering how this enormous complex of shifting 
Probabilities works can be solved only by analyzing how it did work in а 
&reat many cases. William Wightman, in his recent book The Growth 
of Scientific Ideas, called form, the subject matter of comparative 
anatomy, “a plastic record of the history of organisms.” The broad 
Boal of comparative anatomy should be, I believe, to attempt to interpret 
the why of this plastic record by considering it against the factors that 
are known to determine form. This includes pertinent data from 
Senetics, experimental embryology, paleontology, ecology—a synthesis, 
10 short, of all biological data that bear on the question of form. In less 
ambitious Prbjecte—the phylogeny of man or of a species of bear, for 
example—the principle is still the same; it is more important to know 
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why a particular direction of evolution was followed than merely to know 
the direction. 


i i ї aims hods 
"This involves a considerable re-orientation of the aims and met 
of comparative anatomy. 


THE NEW COMPARATIVE ANATOMY 


Two ideas have deeply affected the recent thinking of ча 
anatomists. Neither was a product of morphological research. The Es 
was the suggestion, made originally by Goldschmidt (707) atr 
timing and rates of developmental processes are gene-controlled. 8.2 
provided а mechanism whereby individual genes, by controlling pat 5 б 
of differentiation and growth, may affect whole morphological lae! is 
addition to the genes that control the individual “ characters 7 with us d 
the experimentalist is usually concerned. "This kind of gene abet . 
difficult to demonstrate experimentally, because changes in early n ‘a 
genetic processes usually have lethal consequences. It has heen Ён Эй 
lished by a considerable body of evidence, however, both proc 
and observational. I reviewed the subject briefly elsewhere (Davis, 749 » 
I believe that the importance of this conce 


e t to i atom 
о р comparative апа my 
annot be exaggerated. 


Each of the major taxonomic cat 
а particular way of life, to exploiting 
The phyletic evolution of such an 
understand ; it is the origin of major 
In most cases the major adapt 
the carnivores for pred 
taxonomic levels the 
bats for blood-lappin 
flowers ; 


egories represents an adaptation P 
a particular ecological opportuni ea 
adaptive type is relatively pasy im 
adaptations that presents difficult ee 
ation is quite obvious: the bats for flig i 
ation, the whales for swimming. Even at ү 
adaptive relations are often clear-cut: the etn 
g, the nectar-feeding bats for extracting nectar шулж 
the dogs for running down their 

pursuing theirs alone and by stealth. 
from our standpoint—th 
and successful orders of 
and clear-cut m 


prey in packs, the cats i 
It is remarkable—and unf ре 
at the primates, almost alone among the pec 
mammals, are not characterized by an obV! 
ajor adaptation. 

The second idea w 
corollary of the first, 
in many c 


Эм? 
ich is 
as the morphogenetic field concept, which өтін 
Бари” 
Тһе morphogenetie field concept makes it pO 


ges 
: +, chang 
s at least, to reconstruct the history of the genetic 5 its as 

. H . ` 115 
that underlie major adaptations, | 


rte- 
the whole molar toothrow, 


If such major morphological u i 
the whole thoracolumbar section of the 
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bral column, or the whole masticatory musculature, are each subject to 
some sort of unitary control in addition to the detailed gene-character 
relations familiar to experimentalists, then the building blocks of evolu- 
tion may be enormously simplified. Techniques can be developed for 
detecting morphogenetic fields where they cannot be delimited experi- 
mentally, and phylogenetic changes in terms of these units can be traced. 
If shifts in adaptive direction frequently involved such units as this, 
I believe we are, as morphologists, little concerned with the minor 
polishing of the basie adaptations, or with the mere multiplieation of 
a сыйды is usually involved in speciation. The important, 
аа are the ones that set the stage = exploiting 309 ecological 
К б e кені Шеу often have * trigger or threshold 
каа p^ i favorable conditions may result ina period of explosive 
bilities 2 8 г. also, of course, restriet and delimit the future possi- 
енер, а Ап important aspect ot such phenomena is that 
At the m T be preadaptive only in the light of subsequent events. 
ыы of a new adaptive relationship the possible workable 
heavily on м relationships are so numerous and depend so 
Шинь, вы, nance, and the factors initially tipping the balance ina 
, Өлеспоп ате often so trivial, that predietion is impossible. 
da нне that generalized effects would be far less likely 
of in 2 я plished in a breeding population than would accumulations 
phenotypic = deviations screened by natural selection. Relatively major 
si ^ he Law E ects have therefore been practically dismissed from con- 
seems to Mbps faetor in evolution. There is considerable evidence, which 
> incontrovertible, that such effects did play a part, and I don't 


See 4 
how it ean be ignored. 


ныг? ү ешн approach to comparative anatomy has scarcely been 

Phylogen з qon more difficult and tedious than the familiar study of 

to PR а t involves techniques and disciplines that are unfamiliar 
ists. Тһе results, however, are vastly more rewarding. 


THE METHOD 


NE been customary to парвона ine distinct elements in the 
its tme of an organism. ihe heritage " characters inherited from 
Particular нь вий the habitus : characters that are correlated with its 
a галды of life. This simple dichotomy can be expanded into 
heritage di in which the habitus characters of yesterday. become the 

aracters of today. For example, some of the heritage charac- 
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ters of the Hominidae obviously were the habitus characters of the 
common ancestor of the superfamily Hominoidea, in which they repre- 
sented the new major adaptation of the man-anthropoid ape stock. Some 
of the heritage characters of the Hominoidea, in turn, were the habitus 
characters of the common ancestor of the suborder Anthropoidea, and so 
on back to the habitus characters (the basic vertebrate adaptation) of 
the subphylum Vertebrata, and even beyond. А 

This sorting of the new from the old is basic to any understanding 
of the morphology of an organism. 1% is, of course, the basis for our 
system of classification. It warns us, for example, that the closed orbits, 
the molar structure, the opposable thumb, and many other features of 
man are not strictly human characteristics. This warning is often 
unheeded in practice, and attempts are made to interpret the anat- 
omy of an organism as if an engineer had designed it from scratch, 
specifying materials and sub-assemblies purely on the basis of functional 
requirements. | 

I regard this sorting as the first step in deciphering the mechanism 
Whereby a given terminal condition w. 
separates out those conditions tha 
from a long line of ancestors. 


as achieved in evolution. | ы 
t represent earlier adaptations inherite 
This step might be formulated as: 


(1) In what respect does the morphology of the species or me 
under consideration. differ from the next more generalized condition 

This step involves straight comparison of form, the familiar proce: 
dure of classical comparative anatomy. It is at this point that classica 
comparative anatomy Stops. But this is only a first step, because it 5 
only those features that are directly subjected to selection pressures ie 
are significant in adaptation. Among the numerous differences we ue 
segregated in our first sorting there are almost certainly some not xn d 
related to the new functional requirements. "These may be merely indi Й 
ferent. In snakes, for example, the anal plate may be either single 9 
divided in closely related genera, and it is difficult to conceive of any 
functional significance in thi 


4 rt- 
1 8. The exact tail length of many pei 
tailed mammals very probably has no relation to habits. ‘There are 2l 


secondary adjustments resulting from functionally important changes o 
adjoining parts. For example, I have studied mammals in which ple 
orbit is depressed far below its normal position, producing remarks 
alterations in the Frankfort plane. These were forms in which the yd j 
poral muscle was enormously enlarged, however, and it was the expans? 
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of this muscle that erowded the orbit downward, not an adaptation 
involving the eye. Finally, there may be differences without functional 
significance that result from a genetic tie-up with another structure that 
is functionally important. 

It is, of course, impossible to prove that a given condition is not 
related in some obscure way to the functional requirements of the animal, 
Careful attention to architecture and engineering, and above all detailed 
knowledge of the habits and behavior of the animal will, however, often 
reduce the probability almost to zero. 

The second step may be formulated : 


(2) Which of the observed differences are directly related to the 
different functional requirements of the derived form? 


The functionally important features we have now isolated still are 
not limited to those under direct genetic control. Many morphological 
features, although functionally of the greatest importance, are only 
developmental consequences of other features that are under direct. 
genetic control. In the absence of the primary structure such secondary 
features fail to appear. They may be described as “ genetically deter- 
mined once removed," since in the end their appearance or non-appear- 
ànce does depend on genetic factors. The surface modelling on bones, 
for example, is determined by muscles and tendons rather than by genes 
acting directly on the bones, and most of the detailed architecture of 
bones is а non-genetie response to stresses and strains. When endocrine 
actions are involved, as in the enlarged sagittal crest of the male gorilla, 
the genetic basis for hypertrophy of the crests may be twice removed. 
In all cases, of course, the range of response is not unlimited, and is 
presumably genetically controlled. That a particular feature of a struc- 
ture is not under direct genetic control can Be determined by observation, 
but Only experimentation can prove that a feature is genetically con- 
trolled. Without experimentation genetic control can only be inferred. 

The third step may be formulated : 


(3) Of the differences directly related to new functional require- 
ments, which are under direct genetic control and which are merely 
developmental consequences secondarily related to the genetic substrate? 


The fact that a functional element is under direct genetic control 
does not of itself guarantee that selection acting on the element is 
тезроп Ле for the observed condition of the element. Development of 
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a structure may, for example, be achieved via a differential е ан 
Тһе growth pattern may have produced a close adaptive relations 8.4 
the time it was introduced. But И subsequent selection is for DE 
organism size, then the special structure will, because of its ficare 
growth rate, increase in size and/or complexity at a faster (or 1619 a 
rate than the entire organism. With increasing size, selection WI 
usually be increasingly negative for the special structure, until эн 
equilibrium between this negative selection and positive selection 2 
total organism size is reached, or until the organism reaches the optimu? 
size limits set by other factors. 

Exponential growth rates by their very nature tend to produce 
developments so spectacular that they seem to demand functional p 
planations. Yet we know that the enormous antlers of moose and о 
the extinct Irish elk have gone beyond the stage of maximal usefulness 
I find that the development of the dentition of the huge cave bear fits 
into an exponential сигуе based on skull size. 1 suspect that 309 
grotesque nose of the male proboscis monkey (Nasalis) has а Er 
basis rather than representing a product of sexual selection. DN 
ments such as these may have no positive relation to the requiremen > 
of the animal, however conspicuous and characteristic their form таў 


i i san ism 
be. Their genetic roots may lie far back in the ancestry of the organ! 
we are studying. 


Having localized in the morphology of our sample those м 
that represent the primary results of natural selection, the adap! 
features resulting from the interplay of a partieular environment v^ 
particular genetic substrate, what can we do with them? I find 4 
in the Carnivora the number of such features remaining after the fini à 
Sorting may be surprisingly small, perhaps as few as half a dozen. b 
probably never will know the exact genetie mechanism behind $ 
adaptive specializations, although in favorable cases even this uar 0 
inferred. At the very least we have localized the important elemen"? , 
the evolutionary mechanism that were involved in a specifie case.” 
best we have shifted our viewpoint from a comparison of static stru 
to the dynamic processes that determine structure. 

Finally, the morphology of an organism cannot be interpret 
in the light of all of its anteceden 
succession of adaptive relations, Ea 
morphogenetic processes whereby they 
profound and unexpected repercussi 


ture 


: 4 
ons many generations ап 


PRIMATE EVOLUTION AND COMPARATIVE ANATOMY 219 


adaptive relations later. If as a non-anthropologist I may venture а 
suggestion as to what seems to me the most desirable step in attempting 
to understand the evolution of man, I would recommend studying the 
treeshrews—and even the generalized insectivores. To me it is incredible 
that these creatures, in which the decisive steps leading to man may 
already have been taken, are almost unknown while we continue to lavish 
our attention on the higher primates. 

Knowledge of structure without corresponding knowledge of function 
is sterile, and I should like to see a project, similar in scope to Carpenter’s 
(345 40) work on the gibbons and howling monkeys, set up to study the 
habits and behavior of the Tupaiidae. 
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НЕ mammalian skull serves to house and protect the brain and 

the organs for the special senses of sight, hearing, taste and smel : 

to provide inlets for food, water and air, plus passageways for bloot 
vessels and nerves; to provide for biting and chewing food, and at the 
same time to give attachments for the chewing muscles and a bony frame- 
work to resist the forces that are set up by the masticatory apparatus; 
and to give attachment for the muscles which move the head and main- 
tain its carriage. In order to survive the animal must be able to n 
all these functions operating m harmony. It is probable that compromis 
between them are in places necessary. can 8860 


It is certain that they 
each other in some degree. 


The skull must therefore be thought of in terms of its relationship 


to many bodily functions, realizing that it is affected by many factors. 


This complexity is partly counterbalanced by its remarkable geographic 
character, by which the location, interrelationships and operations с 
many vital organs can be deduced. Ав examples, the roof of the топ? 
is the floor of the nose, and the ori 
head-moving muscles frequently lea 
an evaluation of their strength and the direction of their contracti 
The value of the skull for analysis of vital processes is most vivi 

illustrated in the paleontological record, where it is possible to make 


А : : ing ай 
gins and insertions of chewing 5 


5 ring 
ve their marks on the bone, м s 
jon 
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meaningful comparisons between the skulls of animals which we have 
never seen alive. However, progress in the interpretation of the evolu- 
tion of the skull must depend in large part on the methods of analysis 
available on living forms, and the development of new techniques is vital 
to the advancement of biological science as a whole. 

Тһе bone in the skull has other levels of organization not observable 

in the gross structures, offering methods of analysis which earry beyond 
those of ordinary observation. One promising aid to functional analysis 
is the split-line technique. It demonstrates the organization of the 
compact surface bone by staining methods. Benninghoff (25) was able 
to show in a human skull that some areas of the bone, such as in parts 
of the face, were organized in their split-line patterns while other areas, 
Such as the skull-cap, were not. 
е The technique is described extensively elsewhere (Seipel, 48; Tappen, 
53). Тһе bone is decalcified in dilute acid until it is soft and rubbery 
enough to allow easy penetration by a needle. Usually splits result 
rather than round holes, because bone has a minute “ grain ” analogous 
to that of wood. India ink is then put into the fissures to clarify their 
direction. Benninghoff (’25) and Seipel (748) showed histologically 
that the splits correspond to the direction of organization of the majority 
of the Haversian systems in the region punctured. Haversian systems 
are the basic means of supplying blood to compact bone. They consist 
of very minute central blood vessels with concentric layers of bone 
called “lamellae” surrounding them. 

Benninghoft and other workers used intermittent punctures in 
Producing their split-lines. This gave an incomplete picture, since 
branchings, divergencies and the meeting points of different split-line 
Systems could not be accurately traced. There is reason to believe that 
“ey were at times led into errors of interpretation because of the 
inadequacy of their technique. Seipel (748) made a great improve- 
Sent by joining his split-lines with further intermediate punctures in 
those regions in which patterns were distinct enough to warrant it. 

his method was followed in the present study. 

In well-organized regions it was found that a further refinement 
Was possible. The point of the needle was pushed into the bone two 
millimeters ог less, then pulled in the direction of the original split. 
Tu this way long split-lines could be made quickly, and the actual devia- 
tions of the Haversian system organization could be traced more 
accurately, It was also found that directional organization in regions 
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of very thin bone could be ascertained in this manner, where punctures 
with needles of even very thin diameter frequently gave no pattern; 
presumably because of the crushing effect. It was thus possible to 
obtain patterns in such regions as the tooth sockets in small specimens. 
It is necessary to use this innovation with caution. Frequent tests 
Were necessary to make certain that the needle would go only in one 
direction. In only one region of one specimen was it found possible 
to pull the needle in almost any direction. 5 
In an earlier work (Tappen, 758) it was found that decalcification 
affected the teeth more than other parts of the skull, destroying the 
enamel very quickly. In order to preserve the appearance and continue 
study on the occlusal relationships of the specimens, dental peewee 
was melted and used to cover the teeth, sealing them off from the acid. 
This method is also recommended to workers interested in keeping parts 
of skulls intact while decaleifying other parts 
The biological meaning of the Haversian System organization revealed 
by the split-lines is far from being completely understood. Theoretic® 
discussions may be found in Benninghoff (27), Murray (736) and Seipel 
(48). Work along these lines has been sporadic, mainly descripti”? 
and has been accompanied by little experimental work ‘to determin? 
causes. The general assumption has been that they are somehow related 
to mechanical forces, pressure and tension, which are acting upon ib $ 
bone. As will be seen, this assumption makes a good deal of sense 7 


some areas of primate skulls, but other arcas are not readily explaine 
x this basis and other factors seem to influence the direction of Ё” 
ines. 


. Some of the most indicative investigations are those in which split- 
linie, prepa rations were made on bone which suffered functional alteratio? 
daring Hits, Benninghoft (797) found changed patterns in а femur 
bent by Tickets, and Seipel (48) found that the patterns in a mandible: 
broken and imperfectly reset, adapt their direction to the change 
thus appears that split-line patterns can actively change during the 
of the individual. Definitive controlled experiments Баб not been mace 
however. | 

In order to proceed from the relatively familiar to the unfamilia” 
and to maintain the basie Orientation of this non-human primate вуш” 
posium on problems relating to man, the split-line pattern in the human 


jife 


? 


ANALYSIS OF PRIMATE SKULLS 223 


margi T Я i 5 ? 
argin, Immediately above. all the lines in the face ascend, the ones 


from the ”Р ә ; 
the molar region paralleling the zygomatico-alveolar crest and the 


These divergent systems 
at the frontal 


шоп and con- 


thes tending to parallel the nasal opening. 
Е interrupted by а continuous system of lines beginning 
"eu of the maxilla, coursing along the infraorbital re 
Mia through the zvgoma to the region of origin of the anterior 
endinous portion of the masseter muscle. This has been interpreted as 


Meaning р ” 4 « 
ning that the pull from the muscle is ol 
pressure of the tooth row, and that 


primary importance in 


Cot —Á 
Interacting the stresses from the 
lateral orbital regions are primarily 


the infr i 
1% infraorbital, zygomatic and 


Vig қ ` 1 
16. 1. SPLIT-LINE PREPARATION ох HUMAN FACIAL SKELETON. 


Vr 
PREPARATION ON CHIMPAN 


SpLit- LINE 


ill of the exterior chewing muscles. 
sessed view (Hooton, 46) 


ist upward chewing pres- 


Under tengi " 
Thi tension from the downward pt 
Sus ir эр: 
that ti in direct opposition to the generally expr 
at the later; s А a 
e lateral orbital and brow ridge area re: 


Suros, 
no or Б may also be noted that the human brow 
» iformation it was postulated that 


ridge shows little or 


anizati E Р x 5-8 

Struct nization, From this kind of 1 
‘tures к 53 : 

shins, res such as the infraorbital bar represe 

while brow ridges probably do not. 


Ті 
le ehi ч . 5 ТЭ 
fron Chimpanzee patterns. shown in figure 2. differed strongly enough 
1 ua + mj 2 z^ 

st correlations. with differences іп gross 
Specifically. 


nt functional responses to 


such structures as the 


those 1 

: : in man to $ 
Structure 6 
there 


hips between different parts. 
ms of split-lines in the lower face. 
lines cutting off the 
inch off laterally 


and with relation 
are ч 
Inst Ч по completely divergent syste 
Steag Ж ЕШ Жез A gs 9 
of an infraorbital-zygomatic system of 


ascend] 
ing p : 4 : 
1g patterns, the ascending lines continually bre 
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toward the region of origin of the masseter muscle, the пып = 
at a progressively higher level the farther the lines are away from ds 
muscle. Finally. some lines enter the orbit, and others continue up | 
interorbital region to the brow ridge. "lhese differences may be telato к 
to the longer face. absence of elevated nasal bridge, and lower origin үл 
the masseter muscle in relation to the orbits. It is also possible er 
this clarifies the occasional appearance of the canine fossa in man anc 
its absence in the chimpanzee, since there is implied a relatively 
unstressed area between three divergent split-line systems in man bl 
not in the chimpanzee. It will also be noted that the split-lines in the 
chimpanzee brow ridge are strongly marked and continuous with the 
lines in the lateral orbital region. This has been taken to indicate that 
the brow area in the chimpanzee is an important stress-bearing dre 
and that it resists tension from the downward pull of the temporal HM 
masseter muscles. It is alzo indicated that this is so because there ік 39 
forehead region above the orbits to absorb and. distribute these ийиш? 
as is the case in man. In actuality, the chimpanzee face and braincase 
grow apart during development of the animal. Seipel (48) has shown 
that the split-line pattern is already developing in the brow region gh 
three-year-old chimpanzee, however. е 

So much data of relevance to the understanding of the primate p 
resulted from comparative split-line analysis of one ape that work wit ! 
other non-human primates seemed imperative. Only the chimpanzee has 
been described in more than the barest features. Accordingly, split-line 
preparations were made on widely differing representatives of the on 
] am indebted to the Wis 


Institute of Anatomy and Biology si 
lending single specimens of Simia salyrus (probably male). Hylobates 
mulleri (female). Шасасих cynomolgus (male). Semnopithecus femoralis 
(sex unknown). Ateles (ihale, species unknown) and Lemur шй 
(sex unknown)... MI these animals had full permanent dentition in БОР" 
occlusion. Mr. Harold Green of the Academy of Natural бале» 
Philadelphia, donated the specimen of a young gorilla, sex ar^" 
the permanent dentition. те 
preparations include the mandible, braincase and skull base as wel a 
the mid-facial region, although these were done on both sides only whe 
the pattern proved to be very interesting. 


Only the first molars are erupted in 


i i 5 : " ЕЗ” ater 

Detailed description and analysis of this material must await а 24 be 

publication. Some of the salient features of these specimens юэ" 
reported here within the limits imposed by the time allotted and 
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review nature of this article. however. A number of rm 

teristics are relevant to problems raised Бу the comparisons made be 

man and the chimpanzee, and other problems are revealed. - 
Viewed from the side, (figure ЗА) the gibbon shows locally maaan” 

patterns in the area bounded by the temporal muscle but no ym 

regularity. This is in a number of respects similar to the и "d 

tion reported by Benninghoff (725). although he found definite pa 


ы n E an and the 
associated with the human temporal lines, Тһе orang utan : 
gorilla, on 


the other hand. show continuous lines which тоғы bs 
correspond generally to the fan-like spread in the direction of the enn 
of the temporal muscle, These end at the temporal lines in the Wen 
utan, but merely deviate at this level in the gorilla, continuing to 

sagittal suture, 


The relationship of this pattern to the ee 
is strikingly evident, but two bilateral deviations from the eit 
picture in the orang шан indicate that factors other than mechan on 
forces can be acting to organize the bone, (Figure ЗВ). Well и ich 
the parietal bone a sudden change gives a local area of radiation wh 
may correspond to the direction of gr 
ossification center, Ahrens (736) 
human fetal and infantile er 
growth of the original radiating from the original os 
centers. Ву the a 


pull of the temporal mt 


owth of the bone from its ain 
found that split-line ри эй of 
anial vault correspond to the parece 
bone, esc ЇЙ 
age of seven years, however, the lack of organization v 
the adult observed by Benninghott (35) was already apparent: ora 
other deviation from the ge ў s 
muscle may be obse Pi 
of the parietal, 


neral pattern cor responding to the қ 
ved in the frontal bone as it meets the pesti 
Here the split-lines turn toward the suture. Above 

has become united. and the lines ascend in conformity 


s йөр. қ : Zu 
general pattern, It js therefore indicated that lines turning ection 

vds APG 
suture are somehow related to that suture, either because of the «1 
of bone growth, local stresses at the 


the suture 


ЯЛ 
suture, or some other ингэ might 
” e 
that Preparation of the inside of the skull vau imple 
^de : у 
Information on these onm 


It is possible 
reveal relevant problems of deviation fr 


еп 
ии : го speci 
muscle-response pattern, but this could not be done on these яр towa" 
4 5 : 4 je t 
The lines in the gorilla brow ridge deviate more and mort 


the side as the region adj 
It is suggested that the a 
of the encroaching te 


Eventually the te 


hel 
арргой | 


acent to the temporal musele is 1 ence 
e influ 


ea is coming more and more under u qividuë 

2 " " 1 д. 

mporal musele during the growth of the i көгі 
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poral muscle = 


ч + 5 anv 
reaches the midline in шап) 
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It seems possible that the brow ridge area is in transition in its split- 
line patterns, and that in the adult animal the split-lines would have 
been continuously horizontal across the brow ridges, as in the chimpanzee. 
The adult skulls in the two species are very similar in form. The possible 
Tearrangement suggested emphasizes one of the many potentialities of 
the use of split-line analysis of growth patterns in primates. This is a 
line of investigation that has only begun to be utilized. 

The exterior of the zygomatic arch in the orang utan shows very few 
Organized split-lines on either side. In all other animals processed this 
area has yielded highly organized splits, yet the lack of splits was pre- 
dicted before decalcification. The bone here was rough and slightly 
Pitted, resembling unorganized bone frequently found at the human 
brow ridge and mental protuberance. On the internal face of the arch, 

Owever, the split-lines are well defined, paralleling the axis of the arch. 
he organization of the deeper layers cannot be determined on this 
*Pecimen, since it is on loan and must be returned. І 

i close-up pieture of the pterygoid and maxillary tuber regions 
Of the orang utan (figure 6) is very revealing as to the relationships 
between the split-lines, chewing pressures and the pull of the chewing 
muscles. The lines progressing backward in the maxillary tuber cross 
over toward the pterygoid process of the sphenoid bone above the third 
мана, The bone eneasing the maxillary sinus here is thicker Wem it is 

oth above and below. Lines are continuous with these in the pterygoid 
Process of the sphenoid bone, indicating а, functional reality for the 
pterygoid pillar (Weinmann and Sicher, 47). This probably — 
b n ча to the compressive force from the molar teeth. Immedia aly 
а however, these lines loop back and down in the lateral pterygoic 


Plate, almo, А Ч 5 П of the internal 
d st қ the downward pu 
pter certainly in response to the ducum 


ТУБО1@ muscle which originates along its “internal face. ! 
ах continue inert po this нь then turned aries = 
Pe. in the infratemporal fossa, probably under the influence 0 * 
ie pterygoid muscle originating in this area. Just eg n 
maxi lines which have ascended in the infratemporal surface 0 54 

— deviate backward to end at the infratemporal crest. "These a 5 
rig гсн responding to the pull of this muscle. These қар тн 
abo, les to the lines associated with the temporal muscle зант зөн 
are an these interpretations are correct, а number of differe 

хам угай into the areas they predominantly influence. Р 

6 pattern at the central portion of the mandible (figure 4) 
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resembles that reported for man by Seipel (748) most closely in = 
orang utan. Тһе split-lines at the base continue from one side to қ 

other, while those closer to the lower incisor teeth generally ascend. In 
the gorilla the lines coming in from the body of the mandible — 
on each side and do not cross the midline. Ascending lines ehe 
the very base of the symphyseal region. In the gibbon the lines which 
cross over predominate. гай 

In human beings with well-developed mental protuberances Seipe 
(48) found that the bone yielded no definite split-line patterns. He 
explained this as being the result of the meeting of trajectorial кар” 
at this region. When the surface bone was dissected away, however, 
found the regular pattern of lines going across the midline at deeper 
levels. 

None of the specimens processed here shows such a pattern. Other 
regions of the skull show definite areas where different split-line rint 
meet without disorganization of the bone. Unorganized bone can be му 
to bone with well-developed split-lines where a simple stress pattern е 
indicated. It therefore seems probable that the piling on of unorganiZe 
bone has some other explanation than one related to responses 
mechanical stress, А 
It is interesting to note that Henckel (81) made split-line prepare 


68 
on the lower jaw of a gibbon, an orang шап and a different ar 
of Semnopithecus. Не found that the external symphysis region | 

these forms had split-line 


e 

$ running vertically rather than from one ae 
to the other. Не related this difference from man to the {Шет 
the angles at which the mandibular halves come together at the mid e 
It will be noted that all three of these forms in the present 861165 ter? 
basically the same pattern as man. Henckel apparently found 2 P^ 
which is highly variable rather than diagnostic. nin? 

In the orang utan and gorilla the lines from the incisor and - 

teeth ascend into the nasal cavity or parallel its lateral border hey 
ascend to the brow region between the orbits. In the orang em 5 
die out just above the fronto-nasal suture, but in the gorilla they б, at 
back on the frontal bone after being deviated somewhat to the Ны P 
the top of the developing brow ridge. The divided orang utan brow 5 not 
have no decided split-line Patterns, and usually the punctures Ци 


form splits at all, Immediately posterior is a narrow transverso ы pe 
line pattern, which is succeeded by lines coursing backward wt por? 
superior temporal lines. қ 


These continue back to the nuchal ате?» 


0 


tions 
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lin ; | : 
es continue downward toward the foramen magnum. This region 


ái pn by the lines along the side of the braincase only as the nuchal 
К i approached. In the gorilla the lines continue back only as far 
8 the frontal bone extends. Laterally they seem to be deviated by the 
E of the temporal muscle, while the split-lines are quite irregular 
oward the midline, Behind the frontal bone the lines associated with 

the pull of the temporal muscle continue across to the midline. 
м interpretation of these patterns сап be given, but, во much 
state DER problem that the erudity of split-line studies in their present 
ire emphasized. "Тһе patternless state of the small orang utan brow 
as in шишийн that their formation has little to do with facial stresses, 
88 the 2 Here there is а distinct forehead in the same general plane 
dean’ ан The meaning of the split-lines coursing baekward is not 
баран, | he writer. Is it from chewing pressures, from the pull of nuchal 
just ue or a pattern not related to mechanical stresses? The lines 
in з "he brow ridges extending laterally would indicate tension 
ward Ян тесНоп, and favor a tensile explanation. However, the back- 
а eo of the lines in the gorilla frontal bone probably represents 
nuchal nase of pressures. Certainly there is no continuation to the 
Strains юан Тһе great need for developing instrumental tests of the 
tionin AUNG place in the bone of living animals during normal func- 
wis partieularly revealed by these dubious areas. Electric strain 
og, ga been used by Evans (758) for this purpose in the tibia of a 
Yealized, he usefulness of the instrument, in biology 18 yet to be fully 
туаст отша шап resembles the chimpanzee in the infraorbital and 
irected + regions, while the gorilla and gibbon have the laterally- 
the pi. RD found in man. Ascending split-lines in the face of 
e er do not appear to reach the interorbital region. The lines in 

Com rior part of the maxilla parallel the alveolar border. 
Benera] келік оп the remaining primates must be confined to a few 
Tesemp] considerations. On the brow ridges, the macaque appears to 
Drow ж. the chimpanzee closely (figure 5A), with a large continuous 
tunnin , en set somewhat apart from the braincase and the split-lines 
he нь. continuously in it. In the langur (Semnopithecus), however, 
Datena, иргэн are small, divided, and lacking any pattern of 2” 
in the бо Stress from the chewing muscles must be taken қр желе 
indication. an bone, if the continuous coronal split-line pattern is ап) 
* The macaque, on the other hand, has no organized patterns 
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behind the brow ridge. It is thus apparent that the ара n 
is very different in some aspects of its functioning in the two ы 
is also the case in the chimpanzee-human comparisons. These c ти ны 
patterns of organization indicate that experimental work on di c 
primates can give answers to many of the problems of the m ved 
of the supraorbital area to other regions and of the functions 0 
area in general. | 

Тһе je also has no split-lines in the interorbital region 1n i» 
frontal bone, except very close to the orbits. "The spider monkey ian 
light, divided brow ridges and a considerable forehead, but the SUI 
orbital region has organized split-lines. m 

The lateral view of these specimens (figure 5B) shows rather v! a 
the continuation of lines of the lemur zygomatic arch forward s 
maxilla. Anterior to this, the pattern dies out. "These lines are rich 
regarded as being a response to the pull of the masseter muscle bu 
seems to have a strong antero-posterior direction in its anterior fi plit- 
This may be another, more extreme example of tension systems of ” 15 
lines from the muscle overcoming upward pressures. Actually 


: um Ud : > serve 
ascending split-lines are apparent in this region. It may be op 


2 axillà 
that the gibbon has a somewhat similar system of lines in the maxi? 


and that the low ramus of the mandible gives an antero-posterior ко 
tion to the masseter muscle. Here once again ascending lines 27 
apparent behind the canine teeth. 

The lines in the Semnopithecus front 
are directed toward the later: 
has no organized split-lines ab 
resumed below the suture. 
continues on the orbit 


joned 
area 
being 
atten 
тыз 
oral 


the 


al bone previously ment 
al orbital region. Externally, this 
ove the zygomatic bone, the pattern 
However, figure 7 shows that the P 


4 5 is area. 
al side of the frontal bone in this a зді 
suggests that the stresses іп the region are continuations of the Б 


tension system associated with muscle pull, which are app t 

bone organization at deeper levels here, but that unorganized 

piled on laterally as in the zygomatic arch of the orang utan. ure 8 
The close-range photograph of the spider monkey lower jaw (fig " 

is interesting because its transparency allows one to see how шэн, 


А rou 
lines on opposite sides of single structures conform to each other шір 
places and deviate in Others. Тһе fainter lines paralleling pie line? 
bular noteh are on the lateral side, while the ascending баг сэр" pP. 
which cross them are on the side facing the viewer. Farther oe the 
the ramus the lateral and medial lines жаре closely. > 
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deviant pattern between the angle of the jaw and the last molar is 
apparent. The lines descending toward the inferior border of the 
mandible in two groups are accompanied by a definite thickening of the 
bone. These are presumably associated with the insertion of the internal 
pterygoid muscle. The lines on the lateral surface can be seen through 
the bone even here. This figure illustrates vividly the precise differ- 
ential response to closely juxtaposed organizing factors revealed by the 
split-lines, 
The mandible is primarily a str 
has the most FADE Pies О = s 
ағы st completely organized split-lines in the face. 
Он ul of the inside of the symphyseal regions shows thai nearly 
region я have lines running across. the midline in the basal 
бави n those specimens in whieh there is some degree of anterior 
in the ] n, ын lines run forward and upward. This is most noticeable 
their а orang utan and macaque. The latter two show nearly all 
Massive j . нд on the incisors, and the bone in this region is very 
the great n both specimens It is difficult to avoid the inference that 
est chewing stresses are up in this region in ihe two specimens. 
are patterns have been found in all mammals investigated to 
on the 22 laboratory animals сап thus be used in basic experiments 
бө atier ure of the Haversian system organization т bone. Ой һаз 
їп куы by the writer, and others are planned. The differences 
ifferent Ч SD Denrances and split-line organization of the surface bone in 
Could уени noted in this study indicate that basic histological e 
ine ana] хет information. New techniques to supplement sp. \ 
рзона are needed, since this is after all a relatively crude арргоас 5 
Very bn in the technique itself are a erying need. It is at мин 
Severa] Du and time-consuming. This small project alone involve 
make the > тей man-hours to ргераге. The development of a device а 
enormou "iae and administer the color at the same time would num 
Studies 4" . Injection and corrosion preparations ате possible for 
by Dr А local areas with the use of new techniques being developed 
now am tun of Pennsylvania, and new methods of vital staining are 
ailable to help studies of bone growth. 
üs ips in split-line patterns in man are gradually being revealed 
bility oo are processed. This study gives no idea of ын Vd 
Species patterns and their relationship to form variation within " 
Specin Processed. Museums are understandably reluctant to give ow 
aens which will not be returned intact. Even m this study, the 


s-bearing organ, and it usually 
The view 
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organization of deeper layers of bone must remain a matter p 
lation. The necessity for modern primatologists to obtain their pec 
collections is abundantly clear, since only in this way сап they ge 
adequate samples from populations and process them as they see fit. 9 
The relationship between the patterns in the bone and soft tissu : 
such as muscles, ligaments and connective tissue can only be guessed : 
in these specimens. This points up another great need for primate wor > 
the study of soft parts on the same individual in which the skeleton 1 
studied. When hypotheses as to the soft-tissue situation are set up 00 
the basis of split-line analysis of the bone, they can then be tested a 
other specimens. Only in this way will the functioning organism 
understood as anything more than a jumble of anrelated parts. май 
The variations in form and split-line patterns between the prima j^ 
processed in this study are quite striking, as the figures reveal. It " 
also possible to offer plausible functional explanations of some of ын 4 
With the further development and application of the method, it sho" 
be possible to apply it to problems of the form of fossil primates Mat 
hominids. The wide variations to be found within the order 0! E 
functional situations very similar to variations in living races and enn 
indieated in fossil man. Бог example, in this sample there are Je 
jecting malar regions similar to Mongoloids (Hooton, 46), and baa 
ward-shelving ones similar to Neanderthal man (Howell, 721). en” 
enough such situations haye been analyzed, it may be possible to Э a 
eralize about the relationshins of the region to other parts of the 8 
and to the functional muscle-bone systems implied by them. 
partial genetie analysis is made possible by the technique, taxo! 
connections may be traceable with greater certainty, and the proc Ч 
involved during human evolution should be understood with ™ 
greater clarity. 
The establishment of fun 
genetic analysiz 
between differen 
are tested by 
determination 
tionship impli 
affected. 


Functional analysis with Split-lines may be a further aid "e M 
genetics of form. Those Structures which have no definite patte" one of 
in all likelihood be said to be unmodified by mechanical stresses» 


1omie 
esses 
ch 


the 
я stig ТОГ 
ctional systems offers possibilities P. рв 


of form in primates and man. Where the rela ern? 
t parts of the skull suggested by the split-line ns the 
experimental work, the number of genes implied егте!” 
01 form is greatly reduced, This is because the ut arts 
es a single process operating to influence the зайват 


the 
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the environmental factors complicating genetic analysis. Others which 
have a split-line structure, such as the infraorbital bar, can probably be 
evaluated by experiments as to the extent to which they are a response 
to stresses or are independently genetically determined. | 
The previous discussion has indicated how the split-line technique 
тау help to disentagle the primary genetie and the secondary functional 
Causes of form in various regions of the skull by comparisons of different 
Primates, and how this may apply to the interpretation of the variations 
to be found in man, both living and fossil. The potential uses of non- 
паш ап primates for these purposes have scarcely been realized, however, 
Boing far beyond the limitations of the technique described here. At the 
Very foundation of this potential is the previously unrealized possibility of 
expanding the scope of human genetics tremendously through the experi- 
mental breeding of non-human primates. It seems highly probable that 
* reat many human genes сап be elucidated through their homologues 
11 other primates, And since there are many living primates which are 
Pre-adapted for the dramatic steps assumed in human evolution, it may 
8480 be possible to reproduce many of these steps through creation and 
Selection of mutations and selection of favorable gene combinations in 
Teeding experiments. Jt may thus be possible to isolate the actual 
ra ic changes involved in the development of such features as stereo- 
“opiy vision, development of brachiating habits, assumption of upright 
Pontin; loss of inherited behavioral traits, speech, and the general poten- 
ав for symbolic learning and cultura} behavior. This would be 
парогіапі in developing a truly genetic primate taxonomy and in inter- 
Preting the fossil and archeological record. More important, however, 
Would be the revelations of the functioning genetic systems in human 
Jeigs, reflected back by discovery of the processes ihat were probably 
Involveq in their development. At a somewhat less pretentious level, 
it Should be possible to use primate genetics т combination with split- 
We °xperiments in further clarifying the relationship between the form 
an unctioning of the minute architecture and gross morphology of 


8 human skeleton, 
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METRIC AND MORPHOLOGIC VARIATIONS IN THE 
DENTITION OF THE LIBERIAN CHIMPANZEE; 
COMPARISONS WITH ANTHROPOID AND 
HUMAN DENTITIONS 


BY E. L. SCHUMAN AND C. L. BRACE 


The Department of Oral Pathology 
The School of Dental Medicine and Peabody Museum 
Harvard University 


Ta largest known collection of chimpanzee crania and calvaria 
dide ы in ally from a single aren, northeastern Liberia, provides an 
т. Geo Opportunity to study in detail the dentition of the chimpanzee. 
Peabod 23 W. Harley of Ganda, Liberia, secured the collection for the 
able ыг Tuseum, Harvard University, and in tum it was made avail- 
Nvesti ier by Dr. Earnest A. Hooton for our studies on the dentition. 
and он Эрэ have been conducted of both the macrostructure (metric 
he ‘ae details) and the microstructure of chimpanzee teeth. 
ognna ER Зва been described in а preliminary report (Schuman and 
metric es, 752). This paper is an assessment and evaluation of the 
and morphologic variations of chimpanzee dentition. 


em I (Metrie) consists of a recording of dimensions: their means, 
oo deviations, coefficients of yariation, modules, indices 
data 4 -trigonid, length-breadth). These data are compared to similar 
anthropoid and human dentitions. 
md » I (Morphology) lists observations on mandibular molar patterns 
Made to зуросоца and cingulum of maxillary molars. Comparisons are 
Similar observations from human groups. 
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PART I 
METHODS 


Mesial-Distal Diameter: (Length) In molars this measurement " Жы 
between the mesial and distal contact points and on an axis mid-way between id 
buccal and lingual surfaces. Іп incisors, this measurement is жк Ча” 
maximum between mesial and distal contact points and is referred to as “ Wi 


4 seal-lingual 
Buccal-Lingual Diameter: (Breadth) It is the maximum buceal Бы 
diameter on an axis perpendicular to the plane used for the mesia 
measurement. 


" labial 
Cervical-Incisal Diameter: (Height) This measurement is taken on the 


© ible from 
suríace as nearly parallel to the vertical median erown axis as possible 
incisal tip to lowest cervical point of enamel. 


i т 

T'alonid-Trigonid Diameters: These are breadth diameters in the mandibula 
molars of the posterior and anterior m 
at the maximum breadth irres 
The trigone is slightly wider tl 
except in mandibular M, 


oieties respectively. Each is pape em 
pective of the perpendieular to the length сийн 
пап the usual maximum breadth (described а 
where the talone is the broader measurement. di- 

Mesial-distal and buccal-lingual measurements of the maxillary and ше 
bular molars, the maxillary premolars, and the mandibular second prem ine? 
were taken. Measurement of the mandibular first premolar were omitted, rate 
this tooth is so skewed and variable in form as to make repeated ao gonti 
measurements unfeasible, Also, the mandibular first premolars in human 
tions are not comparable to those of the anthropoid apes. ken 9 

The mesial-distal diameter in the case of the canine is unlike that take" ig 
the molars and premolars, In chimpanzee canines, the maximum mos 
distal points are found close to the cervix of the crown; in human canines, 
maximum diameter is nearer the incisal tip. rvicak 

Incisors have been measured only in the mesial-distal diameter. ja fact 
incisal diameters were not available in sufficiently large samples due to t are e 
that usually all incisors had "ndergone attrition to a point where 80 
measurement of the height of the Crown was not feasible. 

In general, the methods of measurement, described are similar to those "^ 
by investigators whose data ате compared with ours. АП measurement, 
taken with the Boley gauge, which is a small sliding caliper, calibrated M " 
and used chiefly by orthodontists. For our purpose, the gauge was а 
» 80 ав to produce measurements of greater жен 

same teeth at various times pem xn 
pares favorably with that of era wad 
ements by the same person, the differ? ү 


-tains 
elson (738), on the other hand, mam ling 
metrical accuracy of 0.1 is easily attained in mesio-distal and lab! for 


ine 
dimensions but that an aceuraey of greater than 0.3 mm cannot be pii үг? 
crown height. However, Nelson does not make clear whether this degre 


18 


utilized 
ere 


average error of 0.2 mm. This com 
who states that on repeated measur 
at most not more than 0.2 mm, N 
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Was arrived at after testing repeated measurements on the same teeth. Less 
optimistic is Shaw (31) who says that it is impossible to obtain accuracy better 
than 0.5 mm. | 

Measurements were made only on teeth in which the degree of attrition had 
Dot altered the original dimensions. 
; In general, teeth on the right side were selected for measurement. Where 
intact groups of teeth were not available on the right side, teeth from the left 
Misa. measured. This did not affect the results, since in testing it was found 
that there Was no significant difference between right and left measurements. 
eis, хал Zuckerman (750) also found no sigfinicant difference between right 
and left teeth, 


METRIC DATA OF LIBERIAN CHIMPANZEE DENTITION 


m ЙЕ 1 contains the metrie data of the maxillary and mandibular 
s ars and premolars (mandibular first premolar excluded) of the 
Pa chimpanzee. The symbols Mi, М», Ma refer to first, second 
Gn respectively. РМ, and РМ, refer to first ponte и 
sepa premolar. The values for female and male specimens ате is : 
ате Tately, as are their combined values. АП female mean харлан 
ua than male. These mean differences were tested nc 
dpa abd io Snedecors formula (750, p. 81). P hti 
шар A of male maxillary molars, maxillary premolars, " adi 
bul, з are significantly greater than those of the female. In m : 
ат М,, M, РМ, the breadth diameters of the male approach borderline 


81 . 
(nificance over those of the female. It would seem therefore that all 


à . 
the male molars and premolars tend to We significantly broader than 


ы ° of the female. Significance in length diameters favoring the T 
5 found only in three of 9 teeth: maxillary М., М», mandibular н 
he premolars exhibiting this significance. None of the ec 
lameters were significantly greater than those of the male. 
Шап and Zuckerman (750, p. 472) in their rwr beca 
siong gorilla and chimpanzee dentitions found that “in al he od 
ne — are not affected by attrition, every male tooth is large 
sponding fema oth.” | 
Ч table 1, the ее (length) diameters diminish proceeding 


у h 
Бе агр М, to М,, and from тахШату РМ, to died 2 ын 
Plage 1 of the buecal-lingual (breadth) diameters are kn dc 


(as they are for comparisons to other groups), 


record, but are of little 
taken to 0.1 mm and the 


Two 
Practica) 
avera, 


decimal places have been maintained for the 

m i ? yi 

ge Bs Since the measurements themselves were 
*aSurement error is 0.1 mm. 
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not differ j 
do a nr Mn М, is significantly less broad. The premolars 
E ais й M, is slightly greater than M; and signifi- 
M, and M uu i. Ma. The breadth of М, is significantly greater than 
breadth of M гы [нк equal each other in this diameter. This greater 
molars that s E ар only dimensional feature manifested in chimpanzee 
teristic of ei Барни of the fossil and modern anthropoid сһатас- 

Жа Басым s dimensions from M, to М. and М. 

least "ч na "Y of the coefficients of variation discloses M, as the 
molar їнэ хэн M; as most variable in the maxillary and mandibular 
M, These d ЕЕ Also, maxillary РМ. is more variable than 
who applied 5: eR consistent with the findings of Dahlberg (45) 
following inus Штейн 4 39) “field” theory to the dentition. Тһе 
standing. Ч istration from Dahlberg (49, p. 139) will aid in under- 
1e concept. ‘The symbol 5 denotes the tooth in each group 


Maxillary 8S VIS S v av У 
LL|c|PM РМ, | М, M M 
Mandibular = x | Ч РМ, РМ, | M M. M 
4 5 S У 5 v v 


that is қ : 
к ЫШ pet ly more stable in the expression and retention of 
other teeth 1 erns and the resistance to anomalous impositions. The 
аге more нё n the respective tooth groups, indieated by the symbol V, 
tooth, ша Mable. The greater the distance from the polar, or stable 
Indicated th field,” the greater the variability. Dahlberg (45) has 
Catures of е validity of this theory in connection with the morphological 
о ris human teeth. 
Panzee abend is now added the support of met 
With their 5 ion. Figure 1 graphically illustrates t 
“Бета ини of variation in the molar and premo 
Proceeding — сыр In general, length dimensions are m 
Nerease in in M, to M, in both maxilla and mandible. A similar 
rom M, + пе variability of the breadth diameters is noted in the maxilla 
© M, Ап inconsistency with the “field” concept may be 


Present + 
In x 0 
mandibular =i coefficients of variation of the breadth diameters 1n 
ч M, and М., where the latter is slightly less variable. How- 
n mandibular molars 


rie data of the chim- 
he mean dimensions 
lar teeth of 
ore variable 


MA iffere P ja 
Pi M, to x in variability of breadth diameters i 
2 та. M; are slight. Тһе low coefficient of variation in mandibular 
aracteristic of the 


У те 
Present a persistence of the anthropoidal ch 


Бтеафет 
br 
eadth of this tooth. Another inconsistency to the concept of 
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variability is seen in the maxillary premolars, in which the breadth 
diameter of PM, is slightly more variable than that of PM, although 
the length of РМ, is markedly more variable than. РМ.. 


86 7.9 Coefficient 


of variation 


“ГЭЭЖ ээн ээг энгэж ee Оо! и 
Buccol-Lingual (breadth) Mesial-Distal (length) 
mean mm. mean mm. 
Fig. 1. Mean DIMENSIONS AND COEFFICIENTS OF VARIATION oF 
LIBERIAN CHIMPANZEE TEETH. 


n 
: me? 
It is generally agreed that the central tendencies indicated PY np 
values often obscure the variabilities around the means. For а 
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it i 

ыы Е demonstrated that the trend of the mean values за 
lions to пи from M, to М.. However, ihere are many excep- 
noted. Там p puse when the sequence within each molar group is 
нчи M ists these sequential variations. Neither the anthropoid 
lars бет = М, sec Ms nor the hominid regression М, > M: > M; 
of boh fon ын ша majority of the molar series. Several variations 
QLM,)M КЕП ге appear in appreciable percentages. For example, 
Мей ке М.М, М. are almost equal in occurrence with M,M.Ms. 
М.М,М, in а ће relatively high percentages of М. (М.М) and 
male and 1 ле buccal-lingual diameters of mandibular molars of both 

emale. 


COMPARATIVE METRIC DATA 

entitions are selected for 
96) published measure- 
gorilla and chimpanzee. 
gorilla and chim- 
d premolars with 


Senyurek’s p 
лн ин A 39) data on the orangutan and gorilla d 
ments of only мэн of their completeness. Hrdlicka ( 
Ashton and A he mandibular M, and М, of orangutan, 
Panzee, but uckerman measured the dentitions of orangutan, 
those havin combined the dimensions of the unworn molars an 
sions are — considerable attrition, so that the original tooth dimen- 
ments to илэн (50). Gregory and Hellman (726) confined their measure- 
в ава, andibular molars and premolars, giving the mesial-distal and 
ede , 

son г р data on East Greenland Eskimos (749, pp. 

» pp. 265-206) on the Pecos Indians are included 


80-81) and those of 
for two reasons: 


treated data than 


Nel 


l. B 

* Both invest; 

line — M have provided more statistically 

Peco ә o 

See and East Greenland Eskimo 

ix x unzee in their homogeneity—having s 
elative isolation. 


2. 
s are similar to the Liberian 


hared a common environment 


Provided sufficient data to permit our computing the coeflicients of 
4 ight and left teeth were com- 


In these computations, the values of ri 
stated (p. 241). 


The valid; 

elson цэ alidity of this procedure has been previously 

Were not 5 а from loose teeth, so that sex groupings 
we should consider Nelson's 


(88, 

мамы statement to the effect that Pecos tooth dimensions are in the 

original 5 Tange of human populations. Campbell’s data on the Australian 

the ran entition ('25, p. 17) are included because of their place at the top 
ge of human teeth. Stein (734, р. 1411) measured larger samples of 


America 

his mingles йе than did G. V. Black. The latter did not indicate the size of 
Were таваар but simply stated that a sufficient number of each variety of teeth 
re Proms (02, р. 14). Senyurek’s Homo sapiens group provides dimensions 
Senyurek ja and ranges of molars which have been omitted by Stein. Although 
oes not so state, it is implied that Homo sapiens refers to a group 


е Pedersen 
“tiation, 
‘med, 

5 


ро 5 forced to use samples sorte 
s ^ : 
sible. In making our comparisons, 


of 
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limited Vita. аласа 

vilis. ie hite individuals. Senyurek's and Stein's data are similar to the 

in : blished by С. У. Black, and all of these are in the lower or lowest rank 
of human tooth dimensions. 


сте) ны pu gr i of space, most comparative data are illustrated 
БЫШЫП ы. figures, rather than recorded in tables. Figure 2 
аще the comparative dimensions of the molars and 

iberian chimpanzee, orangutan, and human groups. The 


in 
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" 
Fi, ә 


Mray 9 
"AN DIMENSIONS or CHIMPANZEE MOLARS AND PREMOLARS CoMPARED 
TO Тновк or ORANGUTAN AND HUMAN GROUPS 


lineg Санд 
indicating mean values for breadth (on left) and length (on right) 


are ary | 
ength 4° in rank order according to modules. The crown module is 
readth 

: Pedersen, Hrdlička, Shaw, Nelson, and others agree 
» of the crown, 
ect device. 
* relative 


that 
altho crown module is an “expression of mass size 
Pedersen (49, р. 79) terms this a rather imperf: 
* crown module does give some indication of ‘ 
ather than mass. It is quickly evident that the chimpanzee 


OWever 


о › 
Veral] size т 
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molar mean dimensions fall well within human values, although а 
rank order differs slightly in mandibular and maxillary BASSES. 
The Liberian chimpanzee premolars suggest a central tendency слан 
outside that of human premolars, although considerably closer to 4 
tralian than to orangutan. f 
Figure 3 is a graphic representation of the extent of the jet 
anthropoid and human molar dimensions. Тһе comparisons are most 
fined to maxillary M, and mandibular M, because these are the 1 n 
stable molar teeth and would therefore be least likely to хэрэг” 
ranges among the various groups. Despite this, range values 0 nsis- 
molars of Liberian chimpanzee, human groups, and orangutan ж 3 
tently overlap with each other. In one case, the range of the rilla 
lingual dimension of Australian mandibular М, is well within mE m 
range. Тһе eross bars (figure 3) bisecting the vertical “ range 
represent mean values of dimensions. sh human 
In figure 4 the chimpanzee maxillary premolar alliance with елар: 
premolars is emphasized in the range values, which readily мате 
Also, the upper ranges of chimpanzee premolars overlap with nee 
ranges. Of added significance is the fact that overlap of ranges m . 
even though there is great disparity in the sizes of the samples СОР, 


; f molars’ 
Most investigators compute the Length-Breadth Index 0 Р 
Breadth X 100 ‹ shape 


Ц 
le ^ This index is intended to disclose a general 


54 ong 
of the tooth and to provide a comparison of these “ shapes дете 
various groups. Some Tairly consistent generalizations may be jnde* 
from these indices.? Upper molar breath exceeds length, and te esses 
is therefore of a value above 100. From M, to M, this index хн ІШ 
in orangutan, chimpanzee and human groups. Тһе index S к uli 
however, is practically unchanged from M, to М, In ym ЕТІ 
molars, the index is generally below 100 (gorilla has the шини jon) 
index, 86% in М, Senyurek, 739), but a progression (07 тер enden 
of the index is absent in lower molars except for a slight ve mhert 
toward increase in M, in most groups. Senyurek (p. 121) me » oit 
is considerable variation in erown indices of the molars of ай е 0 
and the fact that the Tanges of anthropoid indices overlap 


2900$ 
id Tow. : : а diag?” of 
Hominid makes it impossible to use the crown index as indice’ 
criterion in classification of fossil [or other] specimen.” 4 


* The values of the indices discussed are taken from Senyurek 
р. 112, р. 137). 
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the molars of Liberian chimpanzee are similar to the others just 
described and are therefore not tabulated or illustrated. 

Since length and breadth indices do not seem to disclose differences 
between anthropoid and human molars, we suggest the use of another 


20 


mm. 


Buccal - Lingual Mesial - Distal 


10 
T кото 
Fic. 4. RANGES оғ DIMENSION 3 or MAXILLARY First PREMOLARS IN ANTE 


AND HUMAN GROUPS. 
Vertical lines indicate extent of ranges. 


Muss Bars indicate mean values. 
umeral at bottom of each range indicates size of sample e1800): 


Note: In this figure Po = orangutan (Senyurek) and Pe = Pecos Indians N 


^ 4 esse 
device for comparing the changing “shapes” of teeth and the proc 2% 


by which such changes are accomplished. This is utilized іп ws 
where proportional changes in the dimensions of maxillary and ис the 
bular M, and M, are expressed as percentages of the dimension? а № 
respective М, teeth. In this tabulation, the chimpanzee M. #2 
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follow more closely the trend of human molars in the percentages of 
dimensional decreases іп terms of M,. The one notable exception is 2n 
increase in the breadth of the chimpanzee mandibular М, another 
reminder that this is the only case where a chimpanzee molar dimen- 
sionally resembles other anthropoid molars. Gorilla and orangutan 816 
unlike the chimpanzee in that, with the exception of the maxillary М» 
both dimensions of length and breadth increase from M, to M, The 
maxillary М, of gorilla is slightly smaller than its M, in both length 
and breadth. Тһе orangutan maxillary M, undergoes appreciable 
decrease in length compared to M, but is about equal to M, in breadth. 
In maxillary M, and М, of the chimpanzee and human groups, the ne 
portionate decreases are greater in length than in breadth. In m 
mandibular molars of the human group, the length and breadth modi- 
fications nearly keep pace with each other. "The mandibular M, of the 
chimpanzee markedly increases in breadth over M,, while the lengih 
diameters remain about equal. On the other hand, М; of the chimpanzee 
shows a large decrease in length and a stability of breadth with reference 
to M,. ? 

As in the case of length-breadth indices, the talonid-trigonid indic" 
of anthropoids and human groups overlap in their ranges. Nevertheles® 
the ape molars seem to differ from human molars in the trends of mw 
indices. In figure 5, the talonid-trigonid mean indices of human group 
tend toward stability in all three molars, while in all the anthropo! 
groups these indices markedly decrease Pin M, to My. In other wor A 
the talonid breadth decreases relative to биома breadth from Mı to Ms 
d chimpanzee mandibular molars in ihis case line up with ME 
the other anthropoids. In the human groups, the absolute values. 


mean indi „opo! 
excep indices for each of the three molars exceed those of the anthroP os 


ai ч ын case of chimpanzee M,, where the value is of un e ей 
тара » more and larger samples of human molars should be 1069 
etermine the validity of the trends described 
Male and female valu | 
been combined to givi 
all male and female 


е 
av! 
“аар : imo ё, 
es for Liberian chimpanzee and Eskim” gyet 


e rs coefficient of variation in each ше teste? 

coefficients Шеті i h we 

for signifieant differences vii нэг хани inf 
In the three groups compared im table 4, the trend of ізет paf 

= from M, to M, in both masilla and mandible, and 17922 е 

to PM, in maxilla, is almost consistently maintained, reflectint gih 

validity of Butler’s field theory. This ndm particularly о № 
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dimensio 5 : 

чаркы е exceptions ате ће breadth coefficients in the 

йып нота һу ық groups, where there is greater, variability in РМ. 

cie eni Án are found in the Pecos group. These may be due 

ГЭРЭЭГЭЭР T Nelson encountered in sorting the teeth to be measured. 
» and even an occasional M, may have been interchanged. If 
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In 
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an 

Molar, B'oups 
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gr » Tespectiy 
Oups ау, the absolute mean và 
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of the three groups. Also it is seen that the average coefficient for 
Liberian chimpanzee molars and premolars (excluding the mandibular 
first Premolar) is of the order of the two human groups, falling between 
East Greenland Eskimos and Pecos Indians for maxillary teeth and 
only slightly higher than either in the mandibular teeth. In line with 
chreider’s discussions (753, р. 52) on the biometrics of physiology, we 
tested individual variations with reference to the error of measurement, 
ihm the smallest соё сїеп of variation (41%) in s — 
м, ШО, dentition is that of the buccal-lingual ш ee 
for the 2 p Since the error of пене is 0.2 p* pus стен ын 
Bangla, ж diameter (11.6 mm) is 17% and М iore S ie 
data, the ы 4.1% coefficient of variation. Similarly, ате c с: 
солар аве errors of measurement do not invalida 
D 8 of variation. А | 
of E tie chimpanzee 'anines are recorded in table E Eo 
Male ана ты; differences in the cervical-ineisal mean ipic m 
chimpanzee, tne in maxillary and mandibular canines 0 E € 
both teeth | m range figures indicate male and female мар i: 
Panzee skull herefore, to attempt an assessment of the sex pea 
€ a very > on the basis of the height of the canine alone, ae е 
i questionable procedure. The sex difference m the mesial-dis 
Seater M as marked as the height differences; there is 
арршя of mesial-distal ranges. 
6 demonstrates that the canines of the chimpanzee are well 
БОГ : pe range with one exception: the sci, К 
and z ото = mandibular canines of female chimpanzee, Fe 
Table а Чо. онюййр, 9 iberian chimpanzee 
Neisong rre of the mesial-distal diameters of Liberian с ы 
e “ field ” concept is apparently adhered to in the maxillary 


Cisoy, 
8 of ам 6 : ral incisors are 
e the Liberian chimpanzee, in which the lateral inci 


ore vari incisor of ale chim- 
Panzeg į arable. The mandibular central incisor of the m 


i ны i ў Aability—central 
Meisop 50 consistent with the expected reversal in variability 


| | : rever, 
the "dg Variable than lateral incisor (see formula, p. 243). How y 
“law кз chimpanzee mandibular incisors seem to deviate тест та] 
inciso variability in mainais a greater variability oe а. 
of 9 offset this ех Заан, 3 " ;ointed out that the que 

48 his exception, it may be | been settled. 


dition mandibular incisor is more variable has never 
ata should serve to clarify the point. 


Е. Г. SCHUMAN AND C. Г. BRACE 


256 


“лозу Целое = *Y *LOSWU]L enuo = Уу 


178 9r 0:6 0201-67. 9r $9 eg Us SoTL ee PPL 
89 og" 88 0 01-672 16 6% Ov Ts 68 -%71. 96 5 
e 187 176 0:01-0:8 % vL 09: 18 “6-2 а e 
21 пари Үр пара 
279 66: 870 601-128 St g'e 69: 0721 4781-0701 6t WPL 
079 96: “6 901-128 ez 0:3 09 0721 ЕТТ” TI 55 5 
+9 59° L6 6:01-078 ez £9 GL 0721 981-0701 16 2 
ло ‘аз wN oguvi KON "Ao ‘a's азәр әЗиту ‘ON 
EI АТИ Ty АИ 
sazunduny) иргә 9w] fo 8408 2и| эү fo ssajamvig 118-199 АГ 
9 ATAVL 
70935101 [UIS9]N = 938997 "вопр [801290 = 3Ч8юН 

LLI OL 29° 68 0711-2077. ҮР 9°2 СТ Sst 681-5587: 16 ô 

98I 9A 8: 0717 221-98 18 те 156 %004 05905891 | 28 2 

6/1 $1 Gh Гот 221-92 $6 66 STI 181) 0%00%7 09 ROL 

шштариор/ 

881 60 99 ӨТІ 0819070 9% 9 VI 6901 6981-87 5 

91 2%4 UI М 729607 16 тт 85 T 1-21-01 E 2 

м UL 86 ТЕ 7791-5901: 26 LII 856 тї 14068361 0% WOL 

fiano ү 

зачет ЭХО саз чәр Зи N ло ‘аз N oduny N 
HPPH 


121824 10389 Дү IPSU] 10924439 


(өэгиршал) итәт) 
ijo], элит) fo ѕиотурыт Д рио suorsusweg 


$ WISVIL 


DENTITION OF THE LIBERIAN CHIMPANZEE 957 


Іп fig C It isisi tt 5 ы 
figure 7, SS р У е: 
^ im : 1, it is seen tha he mean values of mesial-distal diameters 
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5 Means found in h incisors. 5 = 1; . 
uman 11е150т$ Also, th si ist 
1 s. 24150, the mesial-distal rang 
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PART II 


MORPHOLOGIC VARIATIONS 
Mandibular Molars 


Because of their evolutionary significance, there has been consider- 

А қ 2 « "с k 
able interest in the various occlusal patterns of mandibular molars. = 
pattern ancestral to anthropoid and human molars was first observe 
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есі 
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т om this configuration supposedly sepe n 
a later phase in the evolution of molars. All of these features hav? 


described in detail by Gregory and Hellman (86, р. 105). = e 
purpose a brief description will зи ее. Cusps 1, 2, 3, 4, 5 are p 


in the fossil ape, Dryopithecus (Gregory, 22). Тһе Yö patter 
trated in figure 4 is conside 


molars, and any departure fr 
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conid, metaconi > 

the tra Керү. hy poconid, entoconid, hypoconulid, respectively. In 

cusps, when кэни. г gh Y 5 pattern, where the three outer or buecal 

contact (according € the lingual, form а Y, cusps 3 and 2 are in 

Pattern, the 3-2 5 о Gregory and Hellman) (figure 8). In the 4-8 

1-4. Pies : cusp contact is replaced by the opposite contact, cusps 
gory and Hellman have stated that “ various intergradations 
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Наэ 
Урі lé Drimitiv 
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heart | р us-shaped 1 : 
human pattern have been observed . . -” We are ш 


anq ЧЕ гео 

: nt wi : 

8 See *Borize = ий this statement as a result of our efforts to analyze 

acom. Without е various patterns. Тоо frequently а Y configuration 
Pany ; ле hip that is supposed to 


In 5 it, 
(figure 8) à с 4 
usps 2 and 3 are in contact with 1 and 4 separated. 
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The various 6-cusp patterns in figure S follow the basic 5-сизр con- 


figuration with merely the sixth cusp added to the distal portion of the 
occlusal surface. 


The distribution of mandibular molar occlusal patterns of the Li- 
: : : : А : di es 
berian chimpanzee is seen in table 7. Since no appreciable sex difference 


TABLE 7 


Distribution of Mandibular Molar Patterns in Liberian Chimpanzee 


Percentage Distribution 
Total No. 6 
of Tech У5 +5 Y4 +4 Y6 p 
M, 96 54 16 0 2 25 4 
м, 99 16 59 1 9 16 
M; 14 1 71 24 5 
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o 
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O+ < 
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ot 


ЛААДА 


V E BE 
Fic. 9. MANDIBULAR MOLAR PATTERNS IN CHIMPANZEE, Pecos INDIAN 
AND EUROPEAN WHITES. 
were observed, the male and +, 
Y4 pattern does not seem to 


parallels its low incidence in 
The 
chimpanz 


d. à 
а this 
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comparatively low inei 

E қарлы еы ene of the Yd pattern in the chimpanzee first 
Pattern оа «. ыг a wired that the primitive or ancestral 
25% si! inris hs hir üs frequently as it does in шап. However, 
54% Y5) total » 22 show the Ye pattern giving a combined (with 
Parable todhe Y § 5 i X configurations in M, and is therefore com- 
either did not bes ence 18 human first molars. Other investigators 
designate the "Metu S-eusp teeth, or when they did, neglected to 

Compared T = Мин (сей, 

l iberian chim : Ж ne mandibular second mola 
Incidence of X : dn shows. a persistence in 
ecos Indian n ы (Y5 and Y6 combined). 
quency of 4 Қ М Кюреш х hite second molars 
Non-existent 4. while this trend in the chimpan 

. he third molar of the chimpanzee tends to be 5-cusped 


More fre 
quently than do human third molars, although 24% of chim- 


Panzee Ms hay 
: ave only 4 cusps. In general, as to occlusal pattern and 
iberian chimpanzee 


he number of 
Tetain ас 9: sps; the mandibular molars of the L 
correspondia mn or ancestral traits to a greater degree than do 
terest 4 "4 molars in Pecos Indians and European Whites. It is of 
шылу a While Y patterns are practically non-existent in the 
i (бе Ma, the two human groups show appreciable percentages of 

р 


his р; 
Pattern in their Муз. 


r of human dentition, the 
the retention of a higher 
On the other hand, 
present a high fre- 
zee is practically 


May; 
beg Molars 
The re | 
-lingual eusp) of maxil- 
the later phases ot 


is progressively 


i jt ib din of the hypocone (disto 
n Л = be another hallmark of 
rom M, tö M in А molars, the Нурай у umet 
Pive 5 © of the ж Ma and vary frequently is comp ete 1 “ ве ын т 
larg size grades ее in ehimpanzee molars 18 recor ed in ta ін 6. 
4 Cüsps ; M. ans listed. In M, is found the highest ipie 0 
cus > Also ls dominated by medium cusps and М, by creer] 
"a. hres sd contains the greatest percentage of smallest ($ =”. 
ове е йй тахШагу molars were not observed. In i T 
the 2 Surfae ls ingulum extends distally оше 
NLIS о istinguish such extensions from 
hypo, fure қ 


(mesio-lingual) с 
6, making it difficult to d 
r absence of a hypocone. 
0 it is seen that the reduction in the size of the chimpanzee 
; that is, reduction 


fro "De 1s of 
"UN 10м а trend similar to that of human molars 
з. 
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TABLE 8 


to Мз in Liberian Chimpanzee 


M M. Mi 
Size % % % 
1 Glight) 0 1 : 
2 (submedium) 1 10 5 
8 (medium) 19 55 27 
4 (large) 61 31 | 
5 (very large) 19 3 
No. Teeth Observed 182 197 186 
100 со Ez ЕЕ NN S 
% "m = N N 
HEN М 
80 SIZ 
Е Er 
HS Lu 
E E 
E = 23 
o ЕН Е 
= SIN 
E E 
20 = = 
= 
Mi Мг ШЕ) Mi Mo M3 Mi Мә M3 Mi M2 M3 
ESKIMO PECOS AM. WHITE CHIMP. 


Fie. 10. REDUCTION І 
Comp 


Size grades 5 and 4 ( 


table 8) 
Likewise, 3 ( 


table 8) equals “ 


N SIZE or 


ате combined to 


4—» 


3 Тапа 2 (table 8) equal “3+.” 


represent “4” in this illu 


LEE 
HYPOCONE IN LIBERIAN CHIMPANZ 
ARED WITH Номлх Groups. 


gtratio™ 
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An ii : , 

4 anat B m "^ 1 1 b 

Mods “ир al feature observed in high frequency ой the maxillary 

ars о . Bm 1 1 1 ч ` 
the chimpanzee ік the lingual cingulum. On M, this is 


Usually i 
ually confined to the li 


emal aspect of the protocone (mesio-lingual 


Cusp). 0 i 
іе көй ард | М. this same cingulum is usually larger in all aspects and 
> extende: Wr ad а "e э ? ө 
not of и more distally than it is in М. In Ma. the cingulum, while 
1e abs з = б : . " " 
e absolute size found іп M. is often relatively large compared 


" 7 =< = a ^ 
rig. Th. ys 
Шинэ... лку Morar CINGULUM OF CHIMPANZEE COMPARED WITH THE 
САКААТ Cusp or HUMAN DENTITIONS. 
т, 2 . А Э 
ШИЛБЭ This illustrates the marked increase in size of the м. 
cingulum compared with М. In РИ appears that the cingulum is 
relatively large. Also, the cingulum here coalesces with the hypocone 
қ (disto lingual cusp). 
ша hite. ‘The Carabelli cusp is much larger in M, than in Ms. 
Wit} 
ithe у. : 
more di Whole crown, Also int Ma. the cirgntlum ma? be extended even 
Teach, Stally than is the case in Ms. frequently to a point where И 
t 5 is М. | | | | | 
Che | the occlusal surface and seems to coalesce with the hypocone. 
© i i ы ресей ін figure TAs M 
ч, M; progression of the cingulum 1 viewed in figure 1 
Carabelli ubercle. 


: molars | 
ШЕТІН Us. a eusplet or cusp. known as | 
is | i 19 ars, 
н s the cingulum ee mo 


i ; rehimpanz 
same location as doc of chimpa 


264 


L. SCHUMAN AND C. L. BRACE 


that is, on the lingual aspect of the mesio-lingual cusp. However, unlike 
the chimpanzee cingulum. the Carabelli structure. is largest in Ma. 


occurs infrequently in My. and rarely in М, (figure 11B). Also it ёл 
gressively decreases in size from M, to M, if present in two or more teeth. 


The foregoing descriptions suggest that the cingulum of the chimpanzee 
is unrelated to the Carabelli cusp. However. Bolk (715) and othe? 
investigators have observed that there is a more distal location m 
Carabelli cusp when it occurs on Ma. thus agreeing with the doh 
extension of the chimpanzee M: cingulum; Bolk also deseribes the “ a 
like " appearance of the Carabelli cusp on M; (possibly resembling P 
cingulum ?). Gregory (799, р. 454) concludes that “the presence © 
the external cingulum at the antero-internal corner of the first 
second upper molars in primitive anthropoids | 
starting point for the human line of 

Appropriate to the cingulum-C 
this paper in particular. 
are а few lines from ( 


provides us with 


specialization. i 
arabelli controversy. to the „к 
and to our anthropological times in generi 
tregory written іп 1999 (p. 358) : 

Whether or not the Pi 


е ains that its 
Itdown jaw belongs with the skull, the faet remains t! 


я 3 chimpanzees 
ars аге in many respects extremely like those of chimp 
But these, in turn, arc closely rel 


contained lower mol 


(whole 
ated in pattern to human molars; and the vent 
i agreement? 
Piltdown controversy mphasize not only the fundamental agree 


А AMAA teeth 
but even the numerous special resemblances in structure of the jaws and 
of chimpanzee and man, 


serves to e 


In fully supporting this comme 


jon 
that even the most astute od 


орі 

nt by Gregory, we are of the 0] | 
P "mil infallibly nor wit? 
ontologist could neither infallibly 1 


ws 0 
: ] : Эрээ к ars 
а very high degree of consistenc distinguish between the mola 


т | салы анин Ses ТҮ 
Che probability of such a distinetion 1s D 
ы р“ 
the 
in 


chimpanzee and man. 


diminished when even a moderate degree of tooth wear has taken 


Observations by one of us (Schuman. unpublished data) ом 
fact that all of the varieties of patterns of tooth wear that occu! Их 
man also occur in chimpanzee and these range from flat to marke el 
oblique wear. — "These tooth wear re 


patterns imply lateral movent 
the mandible, 


to 
4: » . . eye g 1 “1 
and minimize the limiting factors usually attribut ant 
> B В . " . HT Ane * 
anthropoid canines in this function. In addition to the metric ye? 
+ H . T. ” i an? | 
morphological. similarities of the dentitions of man and chimp 


: : : an ait 
identical histological structures have been observed by Schuman 
Sognnaes (753). him- 
"ур "M 2n 
АП the observed “artations in the dentition of the Liberian © 


o» 
ЖИЕ" д 5 огош 
panzee are the more significant because of the homogeneity of the g 

living in isolation. and sharing a common environment. 
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DISCUSSION 


“Заслын — of Pedersen (49) and Nelson (738), most inves- 
variations occ provided insufficient data for comparisons with the metric 
fore, in ms 22 in the dentition of the Liberian chimpanzees. There- 
ranges E — instances, comparisons of variations are limited to the 
compare Pag жы Schultz (50) utilized ranges of indices to 
composed : limbs of man with those of other primates. E range 
Probably А the mean, plus and minus two standard deviations, is 
їз the сот more valid method for comparing two or more series than 
адор be widely nn ог Unfortunately, this dvi 
ae available oe in the present study since standard deviations 
8toups, Chex 2 in the Pecos Indian and East Greenland Eskimo 
е Use of an © = ranges of measurements overlap only slightly, 
$) may ээн * range (mean plus and minus two standard 
andibular 2, to separate the ranges. A case in point is that 
dian there is a E of the Pecos Indian and female бшшш 
is qmm 8.8-13.6. us overlap in the total ranges of mesial-dista 
evi inated whe mm? and 13.5-18.3 mm respectively. This overlap 
ig iis is be ius range of mean plus and minus two resi 
lips; lowey а © the ranges are altered to 8.8-12.4 mm and pe 
Tian him, iia in the East Greenland Eskimo, Pecos Indian, an 
Panzeo, the total ranges of molar and premolar 


2) i 

ot 80 ext diameters 
ae ely em 

minate sively that the application, of the limited ranges does 


aris БЭ 
ison of their total ranges. 


ot t 
Whe £ m 


а 


the over 5 
4 е Хаті 4 verlapping. 
ntu; lous 7 g , | 
Чо ‘itions fro illustrations of overlapping ranges of diameters in the 
; drea ies ces it + ‘ent that the classifica- 
species makes it apparent th 
{ mean values and/or 


m a si 
=>, is M s ярийшин on the basis о 
Цэн 8 procedure ; it remains So even 
tion MES Of te statistically significant differences be 
i eth from various groups. Another problem of 
Ше mandibular molars of the chimpanzee, which are 9 
Th Y when th ir raw dimensions but which fall into anthropoit 
of litt, breadth, trigonid-talonid indices are assayed (figure à ын 
Vera, Value, PW indices utilized by most investigators Prove 
се the ranges of all groups (human 8 


when sufficient data 
tween the mean 
classifica- 


ch 
an > and di 
i iffer : : 
m br ences in mean indices do not reflec 
ea i 
leon ( ath and length. These relative changes in breadth and 
^38 


> P. 265). 
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: ET edure 
length are disclosed in the procedure recorded in table 3, a proc 
ны . . 
suggested as a replacement for length-breadth indices. T 
ena -— УЕ 
The continued use of the module as an index of “ mass size ст 
: TRE ; " Р ¿s size, bu 
be discouraged, since it not only does not represent mass siz ; breadth 
scure the separate relative values gth a 
tends to obscure the separate relat alues of length anc 
diameters of teeth within and between groups. 


SUMMARY 


я ' the 
A 4 NETS NS ition of th 
The metric and morphologie variations within the dentitio d 
8 8 А гі arısons 
Liberian chimpanzee have been demonstrated along with compa 


е х : А or groups 
these variations with those occurring in the dentitions of other § 
as follows: 


= р 
1. Ranges: The ranges of chimpanzee molars and premolars gu 
those of orangutan and human groups. Тһе chimpanzee male and : T 
canine ranges overlap; human and female chimpanzee mandi аш 
canines tend to overlap in the mesial-distal diameter only. | m in 
(except maxillary lateral incisors) of the chimpanzee are distinc 
their ranges as contrasted to human incisors. 


Р ап 
А ээ : entation in Liber? 
2. Coefficients of Variation: Тһе coefficients of variation in шинэ 
chimpanzee dentition, are similar in order to the coefficients of Үй г шу 
Ё i \ па? x 
in Pecos Indian and East Greenland E Tie ди 


iskimo dentitions. dept 
teeth in all three groups seem to be more variable than their тевре 
mandibular teeth. : 


, iberia” 
3. Butlers Field Concept: Variation in the dentition of the Lib 
chimpanzee support the concept as follows: 


à 
100 
n H H А Ч polar 
а. Coefficients of variation increase with movement away from the 1 
in each tooth group. 


tai? 

5 to T 
b. Mandibular molar patterns in the Liberian chimpanzee кй 8 hes 
“ancestral Y” configurations in M, with a progressive decreas jn 


ч crease 
configurations in M, and М, Also, there is a tendency toward 46 


the number of cusps from М, to М,. 
с. The decrease іп the Size of the hypocone from M, to Ms Ра 
decrease occurring in human molars. nerens? 
d. The cingulum (on the lingual aspect of the mesio-lingual aw. р ralle 
either absolutely or relatively in size from M, to М, This та) lli ous? 


$ М а ы rabe 
(іп reverse) the deerease in the incidence and/or size of the Ca 
in human molars, 


rallels 


h: 
reel 
4. Dimensional Variations in the Sequence of the Molar 
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Neither 

M, < e за formula M, > Ms > M, nor the anthropoid formula 

tions of жез е in a majority of the molar series. Varia- 
The metric xmi ae appear in significantly high percentages. 

the chimpanzee ак features of the posterior dentition of 

ЭМ orangutan affiliate far more closely with man than with gorilla 
"he mol; n ё 

аре 8 contemporary chimpanzee exhibit ancestral patterns 

Contemporary i configurations) to a degree similar to that occurred in 

9r the inr c aged This suggests а comparable evolutionary pattern 
We are entition of man and chimpanzee. 
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ЕЛЕНЕ, Ч. 


Е. GENERALIZATIONS ON THE 
ROUPING BEHAVIOR OF NON-HUMAN 
PRIMATES * 


BY C. R. CARPENTER 


Department of Psychology 
The Pennsylvania State University 


INTRODUCTION 


HE 
Т сое of this paper is to formulate tentative generalizations 
or ЕР декла; behavior of non-human primates. hr = is 
and er $ to construct a conceptual system to give direc ws 
ik na Hicance both to collected data and to on-going researe he 
Nationa Pau is a condensed revision of à contribution to ап inter- 
YMposium held in Paris in 1950. The sy? as reported 


Breat 
1 


mposium W 


na 
© Monogr т 
Societies, то тарь entitled The Structure and Physiology of Animal 
t ma 
ath ES premature to attempt to formulate generalizations and 
imates. Available 


inform, Раг 
отп. Parameters of grouping behavior of pr 


{ adequate sampling have 


ha » Be 

У ner : E 4 ` 

hay, 28 int a and species. Field investig 

s egrated only to a very limited extent. 1 
: 1 interactions. 


веп А Шея : 
balanced with quantitative studies on 8 | 
be considered as 


hy, ® genera]; 
Yooth, Sheralizations which will be stated should 
1 
It is never pre 
understoo 


Weis, 6868 needing + 

aq” о дши further proof ог disproof. 

Rot acce » ulate hypotheses provided they 
Pted as established principles. 


such 
are d as 


* 
hig 
Paper i ter 782. 
is a summary of a more extensive study. See Carpen 
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BASIC ASSUMPTIONS 


Tt may be useful to review several assumptions basic to comparative 
studies of social behavior. Although these assumptions are taken wi 
granted by those of us who do research in the field, some are rejecte i 
either explicitly or implicitly, by many of our colleagues. These assump 
tions are the following: 


A. That the general principles of scientific methodology are не; 
nently appropriate for investigating behavioral interactions 5 
organisms, including grouping behavior, social stimuli and = 
sponses, social organization, and even complex cultural чаб 

В. 'That a central task of comparative research on social behavior 25 
to describe and measure, if possible, the central tendencies ОТ 
commonalities of such behavior as well as Из variabilities OT 
differences. : 

C. That ай levels of complexity of interactional social behavior 

operate within a tissue of ordered, interactional forces and deter- 

ministic energy systems. 1 

D. That in the phylogenetic scale organisms and their behavior цаг” 
фо become more complex from the so-called “ lower ? to “ higher 1 
forms, and that increasing complexity may result in differentiate¢ 
“ emergents.” 

E. That the analytic approach de 
varying from the simple to the 
approach. 

F. That a principal justification for inv 
understand the social adaptations and 
primates is to add 10 the inform 
Standing of the social adaptation 


я EP 
aling with problems in an uei 
complex is a justifiable scienti 


estigating and striving i 
adjustments of non-hum?^ 
ation and advance our unde 
s and adjustments of man. 


The following are assumptions which for us are untenable. Rum 
theless, they are accepted, either implicitly or explicitly, by many of ый 
colleagues, and in the interest of intellectual integrity we must 818 
their validity. 

A. That the primate Ното sa 
genera of the order p 
social behavior, 
mates have 


H H ther 
piens differs so greatly from all 0 lex 
rimates, especially on the level of comP ri- 
that investigations and data of noniam? ИЯ 
no significant relevance to understanding the 
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minants of р 1 
m ^ A of human behavior or, conversely, that the similarities 
e Ч о i t s у 
sum wo are so great that identity can be assumed. 
» That the phen “аш 
ошепа Кпо Ву” 71: 1 
be ph at amie pert wn as “ mind,” language, society, culture 
s” exist exclusively on the level of human evolution 
chotomous, over-sim- 


C. a 
That explanatory systems can consist of di 
ent, physical-mental, 


plified concepts such as heredity-environm 
2... implicit-overt, natural-supernatural, indi- 
D ana 2... | 
etri mis anie y sme қ теат of social adjust- 
determinants in the si шша zonen Чар gone” 
deisemipime xad ! organism are of predominate importance in 
g social behavior. 


Т : -— 
“a untenable assumptions have led to prevalent homo- 
as енен E пећ pietures man abstracted out of his biotie context, 
iving and me um his supportative base of natural resources and ав 
Furthermore - у acting in response to the currents of * social ” forces. 
above has ый the conflict of basic assumptions which we have outlined 
io Хог & fs caida of the biological and social sciences and 
example is roe languages of different academic disciplines. One 
analyists and — verbiage which has been developed by psycho- 
reaction to s алы Ын describe sex behavior, aggression, and 
Аты, ocial controls of the individual. 
of the бөн ow attempt to formulate tentative gener 
jor features of grouping behavior. 


alizations for some 


SPATIAL DISTRIDUTION 
of grouping behavior in non-human 


prim Ne 
ates is that of describing the objective; observable and perhaps 


Meas 

8 Su E 3, . . 

rable spatial distributions of populations and organized groups. 
ed in their geographic distribution and 


environments of tropical and sub- 
because they do not migrate, 
hich effectively protect them 


A : 
basic approach to the study 


on-] 5 
" e primates are restrict 
Topic re to climates and biotic 
„ Pical regions. Why? Apparently 


iber 
nate, store food nor build shelters W 
eneralize (1) that non-human primates 


то 

наа "hus, we may 6 с 
А ое and adjustive capabilities for coping with those degrees of 
Varian; variations and fluctuations in food supply other than those 
ons typical of tropical and sem i-tropical regions. 
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Within geographie ranges and in population segments, саран! 
groups of types which have been studied show strong tendencies to € 
to limited territories. These territories are occupied, possessed € 
defended against other organized groups of the same species. its 
groups of other species or genera are tolerated within territories. т 
evidence seems to be adequate to support the generalization (2) wre! 
organized groups of non-human primates adjust to limited aee 
ranges and defend these territories against other organized groups 0 
the same species. of 

Within territories, organized groups arrange themselves in patterns 0 
group scatter. Different genera exhibit different but characteristic pum 
ing patterns. Тһе average spatial arrangements of individuals to En 
other in a group, ignoring variations introduced by disturbed nenons 
would seem to express, or be indicators, of strengths of attachment, inter- 
dependence or probabilities of interactions among members. From ан 
we may derive a third generalization (3) that individuals in алмада 
organized groups deploy themselves in space in am inverse relation 
the strength of positive interactional motivation and conditioning am 
in direct relation to the degree of negative motivation and conditioning: 
This generalization could be transformed into an expression of nl 
action probabilities. Exceptions occur for fighting in which antagonis 
of some degrees results in close-in hostile behavior. 


COMPOSITION OF GROUPS 


Sufficient information is available to permit formulating several Эн 
portant generalizations about the composition of non-human ИЛ, 
groups. Тһе first of this Series is: (4) that the sizes of guum 
undisturbed populations varics within definable limits and around сеп di- 
grouping tendency characteristic of a genus. This generalization ұй 
cates that the sizes of groups fluctuate within each species OT "m 
and that there are size differences for different genera. The compar? ne 
research problem becomes that of determining what factors ipt 
the number of animals in groups and what factors operate in ir 
species or genera to produce inter-genera variabilities. Age өй sity 
organized group, reproductive rate, group division and population gee 
are known to affect group sizes, The number of animals an the 
characteristics importantly affect ihe behavior of individuals and 
group as а whole. 


GROUPIN 
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ords of 
additi central gr : 
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typ deseriptive infi и for different ty i 
JA The followin information which can be зн кү эж 
" о ат 5 у 
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2 ies Т adult females + 2 infants + 4 juveniles 
. own : Е ) 
S number alas ы 
pider Monkeys аи 
? ad oi 
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ales 46 9 
4 кө үн t adult females + 2 infants + 4 juveniles 
T 3 gr ? ТЕС ж е 
Gibbons group males living in groups 


ladult male 

à both dae adult female + 1 infant + 3 juveniles 
т onfidence ж inh ям females living alone temporarily. 
м г bi ia рем the reliability of the expressions for howlers 
Publish ton data of dies нуч monkeys. Recently, recaleulations on 
ten: ed by Collias a un of Barro Colorado Island for 1935 and that 
even categories io нех Southwiek (752) show that percentages of dif- 
after marked т otal population in groups remain relatively stable 
d reduetion in the total population and the consequent 

to the fifth generaliza- 


*duet; 
tion 101 in the si 

: (5) бы уяан of groups. These data lead 

portions of different classes of animals in groups with 
the total size of groups. 


Te, 
Spect to a 
ge and вет 4 
sex is more stable than 
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which have be 
era, 
* solitary 
flect differences 
n groups since 
we come to 8 
ems to be а 


en studied, extra- 
these extra-group 
? males and 
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In 
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: als have been observed. In most gen 
ations both 5 


als are 
88 are ой but in gibbon popul 
atios of served. These animals apparently те 
adult males and adult females living withi 
Thus, 


Mo 
st 
en, ther 
ета]; те 
а are fewer males than females. 
nomic ratio which se 
vant generalization is: 


fy lzati 
(gy tion a on this intra-group socior 
a м. at the pes social adjustments. The rele i 
Capa ed by the omposilion and stability of primate groupe is strongly 
Cities ang relative balance of male with female sexual hungers and 
reciprocal satisfaction among adult members of groups. 
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STATUSES OF INDIVIDUALS IN GROUPS 


Status is an ordinal concept applicable to individuals arranged on 
the basis of behavioral data along a gradient scale or continuum. 
Individuals have status only relative to other individuals. The ae 
of social gradients of behavior and interactions within groups = ее 
approach to describing the structure of groups. There are probably 21А = 
such definable gradients, e. g., rights of access or possession, prestige 
behavioral effects, spatial positioning “ privilege” and dominance-su ; 
ordinance. Of these the latter has been investigated most and is ан? 
known. The relevant generalization is: (7) that in non-human prima : 
groups there exist ordinal series of positions or definable pir nen 
gradients which represent for individual animals, relative to others, ie 
probabilities of occurrence of definable kinds of overl behavior. ^ p 
for our purpose, the variously defined behavior of “ dominance M 
be sketched by the generalization (8) that the probability of access ir 
incentives appropriate to activated drives of interacting animals defin : 
the dominance statuses of individuals, Several subordinate facts ыг 
noteworthy : Dominance for a given individual, in a given group ag 
tends to be relatively constant; nevertheless variations occur 1n ial 
drive strengths of interacting individuals. Also, a kind of йн 
summation of statuses may occur when individuals are closely associato i 
Also, an individual may derive status from association with another 9 
other individuals. In extreme cases, finally, and with few individus е 
supreme, exclusive and generalized statuses may be attained. All statu 


e 
in primate groups must be continuously maintained. Status may 
lost gradually or suddenly. 


GROUP CONTROL 


Organized groups have behavioral systems for regulating and br 
trolling their actions. In the past these have been inadequately di 
by emphasizing for most types the anthropomorphie concept of “ ын : 
Therefore, another generalization is in order: (9) that the contro ЭГ” 
group is distributed among individuals and classes of REL Ч 
direct proportion lo the statuses of individuals or classes of indiv 5, 
Control potentials are learned by group members and control 18 (4 Б 
exercised through signal or eue behavior associated with specific 1 
viduals and their actions. 
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INTEGRATION 


in Posi a non-human primates exhibit observable behavior which 
are the vhs mg degrees of group integration. Some of these indicators 
lis actu " and kinds of individuals which join or leave the groups, 
rdi ions in group scatter or spatial patterning, the amounts of 
Ghee сэм: degrees of concerted action, ete. Conceivably, the 
of на groups is affected by both centripetal and centrifugal types 
Einen ys шерді What then determines the direction and 

өнеді sn social movements" ? This brings. us to the tenth 
fugal тер (10) that the vector sums of the centripetal and centri- 
turn, the ET the degree of group cohesion or integration, and in 
йн биш, rives, tensions or needs of individuals interacting with incen- 
network еуі of other individuals both. modify and stabilize the total 
“Тек ша ions in the group. Simply stated, many of the drives 
individuals мн аге satisfied, or reduced by interactions with other 
Action pring! эр interactions are reciprocal and this reciprocity of inter- 
о groupings. * 1s considered to be very fundamental in the dynamics 
Which can a The principle refers to organism-behavior characteristics 
Чеш Ч never be neglected in the study of social behavior however 
interact; le task of specifying and measuring the dimensions of these 
101$. 

t Г [os point let us revert from considerations of groups as wholes 
Often be € elemental unit. In the study of complex groups it is 
ЭГ controls uo to limit observations or measurements and to ag e 
that the bo. , This brings us toa methodological generalization : (11) 
interactions of interactional unit is the reciprocal viens response 
finition ç ef one individual with another symbolized by 0 0% А 

0: of this generalized unit of study involves describing 0* and 


> defini E та 
tio mg the quality of behavior, describing or measuring inter- 


a . . 
NM factors and effects and describing the context. in which the 


ton 8 act MUN ^ Е 
тен ИЕ Бн Hat И NV NY 
Wh, Ве tota believed that this unit can he gyatematied yn М 
" ch equals N(N T of paired interactional possibilities of a group 
‘ing ээрээ, Experimentation under controlled conditions 
the Оз 3 p 

е ? 5 .. 

S 0% unit has been fruitful and remains promising: 
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AUTONOMY OF GROUPS 


Organized groups of non-human primates tend to be icai y 
they are eapable of maintaining, regulating and controlling themse ea 
largely independently of aid or assistance from other groups. Howey ie 
they are only semi-closed, since there are exchanges of members y f 
group to group, under some conditions, thus providing for “ out-breeding- | 
The relevant generalization is: (12) that organized groups of ingen 
primates tend strongly to be autonomous, self-maintaining and юэ” 
lating. Such groups express resistance and hostility to other organize 
groups of the same but not different species (genera). that 

These propositions set the stage for a final generalization н (13) sai 
organized groups of a population of the same species in a limited e. e 
do not have supergroup social mechanisms. Groups are not ineludet 5 
tribes, clans, communities, ete. as are found on the human level. cod 
Ship relations are not operative and inbreeding is the rule rather th 
the exception to the normative behavior of non-human primates. 
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T clusion in this symposium of four papers dealing with be 


havi 
lor is | i 
chaviora] е is a measure of the increasing importance assigned to 

a 
volution phenomena in their relevance for the general problem of 
ore Darwin, still 


Deeds to This relevance, recognized since even bef 
as we 


e ed n 
know ; Ананы The fact that the theory of evolution 
алад, т ay is founded primarily on structural evidence is under- 
Шш Nough, since structures leave a record whereas physiological 


Сез; 
нщ м ‘nd behavior for the most part do not. It might well be 
це had а record of behavior as complete as the fossil record of 
tion 8 42 this would yield as convincing a body of evidence for evolu- 
9f liy ыт the latter, As a matter of fact, É study of the behaviors 
Bardino Species alone—together with the paleontological evidence 
e h ides in itself 


o пе а 4 ; 
Order in which these forms appeared—Pro r 
ess of evolution. It is true, 


Stantial 
been found useful in 
lassification 


basis i 

ч at he, asis for postulating a proc 

У ге ғ ior iteri 

Ч Plementing and there behavioral criteria have : 
АШ аваа structural evidence in problems of taxonomic © 
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сер; 9 hierare of behavior 


hy of life sci chology or the study 
In баз : ife sciences, psychology 0 À 
St compre ет unique position. ! On the one hand, it represents the 


of SMpley : : : 
іе ә меде s the highest level of organization, dealt with iy on 
80, from + biological sciences. On the other hand, it represents й 
Мыр they, ich all the social sciences take their start. Among = 
Rig Tefore, Psychology is a sort of two-way funnel into which the 


Scien : ді е. 
e : Ч nces diverge. 
es converge and from which the social scie 
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It happens, also, that scientists—all scientists—are individuals and 
primates. 'lhis makes it not only natural but inevitable that we should 
be egocentric and anthropocentrie in our interests. Тһе essence of the 
individual is his behavior, including his feelings, attitudes and strivings- 
His bones, muscles, and blood chemistry are in this respect secondary; 
being the conditions necessary for behavior. Psychology thus represents 
the most direct approach to what is of most immediate interest to man. 
And comparative psychology is concerned with the phylogenetie or his- 
torical basis of man’s behavior. | 
More to the point in the present connection is this: that if we think 
of evolution as having a direction—this direction being a post hoe 
inference from observation and thus implying no guiding purpose—then 
this direction is most readily defined in terms of a trend in behavior: 
As we shall see, behavioral differences are especially striking within ын 
order of primates, We of course assume that a trend in structural 
change—specifically change in the nervous system—underlies the be- 
havioral trend, but as of now the former is even less clearly defined than 
is the latter. This statement js not necessarily inconsistent with 010 
of the main points I wish to make today: that one of the weakest links 
in the sciences dealing with evolution, the one most needing to strengthe? 
its facts and theoretical framework, is that dealing with behavior: 
І should also introduce here а word of explanation about what follow? 
in this discussion. Of the 50-odd living Simpso” 
^45) only a very few hav is i 
ен 
comparisons withi th n gs pda Anu A = 
m 1n the order as did some of the previous papers. en 
the on Meli ad ee With the grosser distinctions piis 
ле, Ртішаќев, гаж 
яг eat Еэ ehavior from ameba to man we find both simil 
5, depending largely on the scale of observation used: ү 
gem, the similarities are expressed in terms of function or adap} " 
owe EE ате quantitative or refer to details S "pe 
^ more Or less the same results, That is to ша?” 8 


evolutionary development of behavior shows a continuity which pa"? 


that of physic i ble exe, 
at of physical structures, There is, however, one possible охот per 


Whereas the physical differences between man and some of the the 
primates are no greater than those found at many points along nå 
phylogenetic scale, the behavioral differences between Homo sapien’ 


genera of primates ( 
e been studied to any extent in regar 
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the livin 
E ма анин ба. Туран: exceed those found anywhere else. They 
iE. e 1e possibility ask ў Зовж 
(49, у ы пена, тау 4 oe uss, — Жин 
ution ” refers, of a “new sort of evolution.” The “ new sort of 
8, of course, to culture, or, as he puts it, * the inheritance 


of š 
: learning.” The i 
811 rtane 
nportanee of eulture as an offshoot of organic evolu- 


tion 8. 
> and with ¢ и 

almost limitless possibilities of development, has been 
most uniquely 


Stres; 
8864 Бү 
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h any writers. F 
н. ^k гэв Ды СҮ Few would deny that it is an al 
Ы; culture мээн 2 tisa social phenomenon in that we are all affected 
D а last analysi arying degrees contribute to it. Nevertheless it is, 
S i ? as well ‚ a product of the human individual; it has to be 
ms Шакы ns used. It is in the characteristics of the individual, 
салы on to nust seek its explanation. Simpson (49, рр. 291-92) 
Ne a i i 
мене a ко ok fi^ s unique to itself 
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data. The term ^ mental evolution” in the title of this paper was 
intended to convey the idea that most or all of those forms of behavior, 
which in us are accompanied by awareness, can be seen also in the higher 
nonhuman primates. Whether in them those behaviors are accompanied 
by awareness is irrelevant; the behaviors themselves, and their mech- 
anisms, are legitimate material for comparative psychology and are 
pertinent to the general problem of evolution. . 
The phenomena to be considered in a phyletie comparison of behavior 
may be grouped into three classes: 1) the realm of cognitive or intellec- 
tive functions—all those problem-solving capacities which we often lump 
under the term “ intelligence ?; 2) the emotional and motivations) 
aspects of behavior; and 3) these first two classes in their social-cultura’ 
manifestations. In each of these fields evolutionary progression (or 
succession) has been characterized in various ill-defined ways. It 15 
said that as we “ go up” in the phyletic seale we find a greater range 
diversity, and complexity of intelligent behavior; more flexibility x 
plasticity versus rigidity ; increased learning eapacity. Some cg 
functions, such as abstraction and symbolism, are usually ascribed only 
to the "highest? animals, Тһе needs of the organism increase 18 
number and complexity. Play, exploration and curiosity become pe 
prominent as motivators of behavior. "The forward reference of strivin 


i : : A ral, 
and planning encompasses longer periods of time. There is, in gener" 
greater socialization, s 


pecialization and division of labor among indi 
viduals; and social organization becomes increasingly independent a 
genetie determination. This list could be greatly extended but is iie 
enough to illustrate how vaguely phylogenetic differences in ан 
are usually formulated. The first need, obviously, is the analysis А 
these gross descriptions into their components. То say that man e 
from other primates in his ccpacity for tool-making and language 18 n 
very useful until we have identified the mechanisms or processes sue 
produce these complex end-results, 
Our problem is one of mea 


В and 
ыг surement: to measure the differences 
similarities of behay 


re 
iors exhibited at various phylogenetic levels. pen 
Же саш Measure wa nead, first, axes батаа ша of variation, and 86607 А 
units in terms of which differences along the axes may be describen 
In the physical world we һауе Such axes as length and such units н 
inches. In psychology we һауе good measures of certain basic functio 
but as yet relatively few clearly defined dimensions of variation 82 
units of measurement for the higher levels of behavior. In respect 


ин 


Ea ERN 
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the basis or relatively si 1 
"Зандан Ta tenia рейн шиг 
авай, Гог instance, is almost Шол in 29 ыг dm е 
84) ; color vision is slightly bette e "aue сараи (Spence, 
monkeys (Gretl : 18 1 5 эе pornn man than m chimpanzee and rhesus 
Witich жа a = 39, 40). Simple reaction. time—the speed with 
қуандың g: E ean respond to a signal—is the same for young 
the bcn а "ч human children of comparable age (Forster, 33). In 
conditioning m those uncomplicated associations known as classical 
and the as | "n appear to be no differences between the most primitive 
ü et pisc а : developed animals (Razran, 33). In remembering 
able data билік = OE association over long periods of time, the avail- 
(ен ыы по ene ae the primates which have been tested 
for a Bee т Зо. 4. and especially those critical 
aghe НЫ okat Ge i 5 ИЕ. CO are түзү eed to E 
And these functions pa бин br to: as 300 nig her menta functions. 
I might me = as I have indicated, are as yet imperfectly defined. 
шлу с ни -- that the same difficulty confronts the testers 
and IQ are шал Ж i 2. most part their mensures E ental age 
the ибн = | га unana yzed end-products, with little know ledge of 
The itis " 1 entered into the test-performances. 
of phyloge nau ties of measurement, and also our earlier rough survey 
ylogenetie differences, suggest а phrase which characterizes these 
This term is obviously descriptive 
о be useful unless the com- 
be defined in 


eh; 
uie: incrensing complexity. 
Plexity is а вши 810 is too broad, t l 
erms of 4 urther specified. 1 suggest that complexity l 
mumbo, n sheer number of factors Which determine behavior. The 
2 the loy iiy and tempore 
$ Bovern the т қ he moment tends 
ü Number of d Later, the reaction 18 increasingly determined by 
he fiin ona stimuli that influence each other by summa- 
lir itn govern n so on. In vision, for instance, light intensity and 
effec distribution 2 responses of the protista. In higher пашана 
o ин of Previous ex ee also becomes effective. The tm ative 
ты; Sent sti $ experience become major factors in governing response 
а mulation, and this influence extends to more remote time. 


i 
in, = empo al 5 1 
dividua та] integration, I should point out, is a function of the 
that the time-binding 


cay, Ча Iti : 

fy of 2 is tempting to analogize and to say 
9 Ed 2 extends to the race, via culture. But this is only an 
Ucation, imitation and so on are special ways of having 


deter : ә 
бн rminants may increase both spalla 
rganisms the most intense stimulus of t 
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experience; the integration of those experiences is still a function of 
the individual. : i 
А formal experiment may serve to illustrate the proposed эмэ 
of increasing behavior determinants (Nissen, 519). А са 
trained that choice of the larger of two square white plaques is rew wr 
whereas choice of the smaller one is not rewarded. Пе then cnm -— 
if the two squares are black, the smaller one is correct. After н 
habits are learned, he finds out that if the plaques are triangular per 
of square, the previous relations are reversed; the smaller of pel e 
triangles and the larger of the black triangles are positive. The pro кең” 
is further complicated until the chimpanzee has to take into а 
different factors or cues in order to make the right choice. "This pro ime 
Which puts some strain on a human subject, was mastered by the 46) 
panzee. А similar experiment conducted by Noer and Harlow lenis 
indicates that rhesus monkey. a ues 
and carnivores hay 
exceeds two. 


$ can respond to at least 4 cues. tial ¢ 
5 ssenti 
e great difficulty when the number of essentia 


ogenetit 


Since behavioral com plexity more 


level, we may ask whether, in b 
fundamental 


is roughly correlated with phy! 


šus experiential determination would see 
stitute such a difference, This distinction, often referred to as inse 
versus intelligence," is especially clear if we compare, вау, the шы 5 

and man. In the former,, behavior seems to be largely a functo". 


re В. 
. B . 1 ore 
inherited mechanisms, whereas in the latter it is determined m Ч. 
individual experience, Th 


т" = 5 : — as 
е distinction is usually interpreted Ч 
" 5 Pies 4 бана о 
ference in the rigidity of stimulus-response connections; in the ituatioD: 
Р. е: м " ue 
a certain response is innately elicited by a certain stimulus or 51 
T 


cts 


e case 


"n 

i | constitu 

whereas in the other S-R connections are learned. This may aorta 
^ , Е е im 

one of the differences but, I believe, only a minor опе. More iMP” pe 


is that in the “lower” 
most part genetically 


: ‘ons is 407’, 
animal the repertoire of perceptions i$ в that 


fixed, whereas in the “higher” animal nim 
repertoire is built up by or in experience. "The instinet-guided ? at 
is ready for its Species-characteristic behavior almost as soon as it 38 ; an^ 
the primate passes through an extended period of helpless infant js 


:3ence № 
childhood before it is ready for self-sufficient adult behavior. күйден, ы 
accumulating that in chimpanzee as in man the principal learning а ihe 
on during this time is the formation of perceptions, that is to pei at 
building up of a knowledge of the world, making sense out of W 
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first is an undifferentiated confusion. I have suggested elsewhere 
(Nissen, 7514) that so-called play behavior provides the experiences 
Which leads to perceptions and knowledge, and that this is why we see 
80 much more play in the primates than in those animals which come 
equipped with ready-made perceptions, and more in young than in old 
animals. [Experiments conducted at the Yerkes Laboratories with dark- 
reared infant chimpanzees indicate that the art of seeing, of perceiving 
ашы and patterns, recognizing a milk bottle and the familiar atten- 
ы кы result of prolonged learning or experience. The distinction 
ааа E perceptions as contrasted with forming habits or S-R 
he су ын important. "Phe child has the perception of à door when 
air or to hm : " a means of entrance and exit, a way to let in fresh 
always dem d : ы. cold, and so on. He has a door-habit when he 
Used in а rv shut. Perceptions аге knowledge which сап Ве 
| aving нү AN ёг in acquiring other higher-order perceptions. 
“en, if we are perceive Squares, circles, triangles and so on, we may 
1 15 more а of the higher primates, aequire the perception—or as 
E Yerefoyo. vem пошу called, the concept—of form. The learning animals, 
M the me. UM their perceptions enormously, and this inerease 
Complexity a of behavior determinants correspondingly increases the 
We stuck е Pehavior, The instinet-guided animals, on the other hand, 
Which iner i their limited number of innately provided pereeptions, 
Оор и ч with experienee and which thus limit behavior to a 
Mii case ыы 4 : 
ut be in шаг üre any extreme environmentalists present today, it 
“mals er to point out here that man and the other learning 


5 hay 
1 «ve ae i 2 М 
а lities Tor nol actually escaped genetic determination. The poten- 
88: er : Б Е 4 Р : 

S d Perception and conceptualization are inherited just as much 


S бүс... 
with he a ar those potentialities are limited in kind and number. 
NU а aio leritanee an individual may, under favorable conditions, 
оці Ima : м of knowledge, but, by definition, he will not become 
SE a Monke are thus assured that experience will not make à man 

the Tespect » although the opposite is alleged to occur харчин 
"ger monk шине of behavior-determination, it is clear that 
Insti, | eT па "e apes stand a great deal closer to man шан фо 
аут ive modes Ер The chimpanzee seems to have hardly any а 
“ий "Па tree x өт response than does man. Wild chimpanzees я 
™ Tucty m $ to sleep in at night, and these nests have à B 
те. There is pretty good evidence, however, that this 
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nest building is not instinctive, as in birds, but is, rather, transmitted 
by imitation or tuition from one generation to the next; it is, therefore; 
one of the very few items of behavior seen in these animals which may 
be classified as cultural. Mating behavior, which is highly instinctive in 
most mammals, is for the most part a matter of trial-and-error learning 
in the chimpanzee. One of the few behaviors of this ape which may be 
designated instinctive is grooming, or as it is often called, flea-picking: 
This appears in the captive-born chimpanzee when there has been = 
opportunity for imitation or tuition. The stimulus is a shiny object ын 
small irregularity in any surface. In general, however, the perceptions 
of chimpanzees appear to be as much a product of experience 88 918 
those of man; the ape’s potentialities are more limited, but certainly 
much greater than those of nonprimate mammals. : 
Limitation in respect to the kind of perceptions which an organism 
can learn is related to the amount of temporal integration involved. The 
perception of relations such as larger-smaller, lighter-heavier and so 0? 


dius хон SHORE : as 
are immediately given in a single experience. Other relations, such 


“the middle one of 3, 5, or 7," “the odd one.” or “the one which 
matches the sample ” : but 


cannot be perceived in a single experience e 
come from observing the eommon element in a number of successivo 
experiences. "This is true likewise of concepts like * color ? and 4 form 
In the conditional matching problem (Nissen, Blum, and plum, Р? 

the animal must choose the color-matehing ура when sign А is presen" 
but must choose the form-matehing object in the presence of sig? ей 
Mastery of this problem clearly involves the percepts or concepts шин 


8 
м color. Although nonhuman primates do solve this problem, it p" 
em a long time. А human Subject can solve it much faster- И 


differ r bai А А а 
ence may be in part a function of the backlog of experien? 4 


education, relevant to the'problem, which most nonhuman primate’ 
nted by the situation. In much large 
a funetion of a hypothetical mechanis™ 
the capacity for temporal integration. ajen! 
тре] us to infer such a mechanism are the Т, 
peed with which associations are formed 876 


r par 2 
which 


items which can be utilized j 
therefore, does not intr 


Ч 
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but it does increas 
already peius gne greatly the efficiency with which certain functions, 
efficiency m primates, are performed. 'That greater 
building тарь S OR. PU ramiding of percepts and concepts, each level 
two ways: (4) 4 d нану оѓ lower complexity. Each level operates in 
complexity, and 2 в possible the formation of concepts of still higher 
Problems whi i ү} it facilitates the handling of lower level percepts. 
tion, the hu, ch the chimpanzee solves by slow and laborious memoriza- 
lormila or ace solves easily and quickly by applying a higher level 
Pyrami ding н сэрэл furnishes many good examples of this 
nimportant if v E ne name we give to our inferred mechanism is 
past 1 should b де лен һай not been so uncritically misapplied in the 
associated witl 5 inclined to call it a symbolic process. Certainly it is 
Should be em i and, in us finds its major expression in, language. It 
и а ae о that * Janguage " is two separable things: 
Eg: T one ef nunication, and (b) a tool or instrument of 
he other йі e of these functions has developmental priority over 
Processes as ы оша seem reasonable to suppose that the use of symbolie 
Preceded | to the individual in thinking and problem solving 
any “a: ны hers means of communication in social intercourse. 
, according to this schema of cumulative pyraminding 


incre i 

asıng с n 4 

function = green of behavior determination is in the first place а 
high quantitative increase, but this involves new kinds, 1.6, 


“Минь, concepts. 
e analy : 
nalyze the process of logical thought, including the formation 


once 
Neepts, we fi 2 
жемін e find that it reduces to threé processes: the recognition 
» the recognition of similarities or identities, and most 
To take a simple 


Portant 
®Xample . ay proper balance between these two. 
the conditional matching problem already referred to, the 


PUbject 
b а to the differences among colors or among forms, 
forms, 0 spond to the similarity of various colors as contrasted 
ith soluti ver-emphasis on either similarity or difference interferes 
4 18 Жой In respect to this balance or, as we шау call it, sagacity,* 
«ference nan primate tends to err on the side of over-responding to 
individual Lad general, the chimpanzee classifies as a seatter-brained 
Widual wes. sensitive to difference or change, and unlike the obsessed 
m responds to the similarities between widely divergent 
“Decine v, "meaning of “sagacity 
rth (эӊ), that found in the writings of 


but more restricted and 


» is consistent with, 
90) and Holling- 


William James (18 
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he 
“ philosophical? type. Тһе species difference in sagacity ік, 
antitative one. ЭР А Ї 
i Ч) have taken so much time in discussing the ope diodes 
behavior that the perhaps more spectacular differences in царай, зан 
emotional aspects, and their expression in social рвопошепа, eran 
to be neglected. I shall have to content myself with a bald үз күк 
of the thesis that there are no fundamental or qualitative dif ын ied 
between the emotions and motivations of man and the other ees 
that the very large and dramatic differences in the expression of aor 
and in the organization of motivational hierarchies are E espe- 
deriving from the cognitive differences already discussed. W ni i 
cially characterizes human motivation is not its initiating got px 
rather the indirection and complexity of its approach to those Sise 
With our superior capacity for temporal integration and our s. gii 
concepts which enable us to foresee бйр 


à series of causes and 
we can make long- 


ге more 
range plans by which our ultimate goals ene 
efficiently approached. We are not restricted to an immediate st 
towards the advantages of the moment. 
Through complications intr 
most of our activities may 
more obvious goals are me 


relatively few simple but universal needs, As to Simpson’s crit ы 
“а sense of values? for differentiating bebween man and the 
animals, T believe that no one who has had intimate pel 
the higher nonhuman primates will question that their capiet 
guided by а delicately balanced system of values. The larg 


stronger male chimpanzee deferring to his female companion 1 
division of food, even after tl i 
ав а Sex partner—the anima 
mate and in expos 
with merely „obleni 
himself to t 'easional failure in a difficult P j 
althoug ў 


әге?) 
Р "ЛЬ Е he time by ™° wW 
sirable tidbit 50% of the 


ге 
oduced by social interaction and yp 
арреат unrelated to primary ee a 
rely way-stations on the road to pnt of 
lower 
with 
also 
anc 
, the 
айе 
cage 
»imse 


of many instances of a finely adjusted hierarchy of values- 166 
; У аа] 1 à 
the chimpanzee has many va 


wy I 

: тату d 

lues only indirectly related to g^ ie al 

as for food, Sex, and knowledge, But man recognizes in ^ an М 
{ Р 8 
thing some relevance, however farfetched, to his basic needs 


pike 
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Syste ; а 9 

sri wae Cann ма дин каша Үлы 
primary drives involve the whole intri " à үч: iati of 52. 
Шин ний терінен! НЬ cud e intricate organization of human eco- 
и нее [^ ife with the many subgoals which occupy most of 
Bis vec a 8. "m the зле оѓ altruism, ethical conduct and the 
intellimenc ec pu of basic motivations, m us guided by superior 

сепсе, which we share with the other primates. 
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THE CULTURAL CAPACITY OF CHIMPANZEE’ 
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ed 
, | | - і referre 
НЕ problem with which we are here concerned has реет 


+. basis of 
to by Kroeber (48, p. 69) as “the unknown organic basi 


s ion 
5 БУ an evolution 
the faculty for culture.” ? What sequence of events in organic 


: sors for the 

Was necessary to prepare our presumably anthropoid ancestors for 

way of life that uniquely characterises man? ion that 
We have approached this question by way of the assumptio 


man’s ancestry includes at so 
and behaviorally 
if not in detail. 


E ; We sically 

me stage, a species which was ET n 

Ws : Ni ота jb 

similar to the modern chimpanzee—in a gene Ы but 
: “Миг: : reasonable 
(This assumption is not entirely unreasonabie, 


" phi- 

* The work reported here has been assisted by grants from the Amer à from 
losophical Society, The Samuel S, Fels Fund, and by research grant M y otnotes 
The National Institute of Mental Health, U. $. Public Health Service. "i us, J 
2, 3, 4, and 6 have been added in те. pu 
in his * concluding remarks ” 
? We are surprised by 


sponse to comments made Бу W. L. 

on the symposium. finable; 
А 2 ina 

Straus’ comment that “ culture ” is virtually unde 


н je “implies 
especially in view of his recent Statement (553, p. 262) that culture нь genus 
Social inheritance from one generation to another," and that “man, or ature 
Homo, may then be define 


ma is fea 
d as an aximal possessing a culture, for it 18 bap term 
that particularly distinguishes him from all other animals." Others use , 


р, 8, Dobzhansky ап 
have discussed the Operational definition of culture at some length; 
product differs from 


definition of « hominid.” 


ugh 
discussions, 


Brief de 


> Шого 
| finitions are poor substitutes for 
which are plentiful in 


" 
hat о 

neans« " 
nclude? 


“эмээр t 
н the literature, and which indicate 1 
anthropologists use the term « culture » consistently, and know what it 


* This is perhaps ambiguous, We do not assume that man’s ancestry 1 
a form which resembled the chi 


5 rang 
у mpanzee more closely than it did ihe a 
or gorilla, We mere an ancestor of broadly * anthropoid м 
Was enough like the modern chimpanzee to make our study of the latter 


шал 
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its main virtue is convenience: chimpanzees are available for behavioral 
Tesearch.) We have attempted to estimate the extent to which charac- 
teristics essential for culture were already present in this hypothetical, 
chimpanzee-like ancestor. 

Our procedure has involved the intensive study of Viki, a chimpanzee 
who has spent the first six years of her life in our home and has been 
— het "wei as possible like а human child (Hayes, 751, Hayes and 
of m 2 ). pe approach js necessitated by the fact that the behavior 
а fact he ud other animal may be markedly influenced by experience— 
eme "mà is seldom denied but which unfortunately, often over- 

з comparative psychology (Harlow,49 ; Hebb, 749). 
"Peu given special attention to our subject's social behavior, and 
Weimar arly to her communicative ability—since communication 18 the 

у prerequisite for culture. We have also been concerned with her 


The chi 
chimpanzee provides a good “ model" for our purpose: it has many of the 
d, and it is not 


char: : 

acteristic: * 

high] eristies that man’s ancestors are presumed to have ha 
У specialized, in the sense of being irrevocably committed to a narrow 


Гре ы. | 
i haps (The chimpanzee is capable of a variety of modes of locomotion, 
р. 1 ^n utilize а variety of foods obtained in a variety of ways [Yerkes, '43, 


т вы and Yerkes, '29, рр. 213-2161.) | 
Stage et oe agreed that man’s ancestry passed through a 400 gram brain 
Straus ? а 50 kilogram body weight stage. Most, though not all students 
or нан ы. consider it likely that man’s ancestors were structurally adapted 
evaluate UE at one stage. One of the purposes of this investigation is to 
lvo ente; "s possibility that an animal with these structural characteristics could 
to doubt энд the human, or eultural, adaptive zone. If it could, we see no reason 
his ada т it eould subsequently have made whatever progressive adjustments 
“ earlier xS zone favored—even though such adjustments might involve reversal 
iore снаа to other adaptive zones. | | : 
ам, some reason to suppose that the Айлсаа apes have already uni pem 
taus, > е reversal of the brachiating specialization. Despite common belie’ 
89 tiid 49, Hooton, 749), the Hylobatidae are the only living apes that actually 
А 9, thiation ав а usual or important mode of locomotion (Yerkes and Yerkes, 
p. 537, Nissen, 281, p. 34). Although the other anthropoids, including chim- 
Ye Ed " braehiators" in a structural sense, they show this adaptation in 
а mee form, as compared with the Hylobatidae. The large apes may 
since се y be thought of as descendants оға siamang-like species, who have long 
bee mare to be selected for brachiation, and whose brachiating structure has 
prom 00 toward a more generally useful form. (This interpretation is 
Нян: by consideration of the laryngeal air-sac, which is prominent and 
А the ji unctional in the siamang, but small and almost certainly non-funetional 


e liv; 
lvi " 
ng African apes.) 


Cong 
(St 
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use of implements, since tool-using is a prominent feature of all known 
cultures.* 

It seems conceivable, a priori, that cultural capacity might mii 
developed through evolutionary changes of three general types: 1. changes 
in gross anatomy, 2. development of special mental abilities, 3. changes 
in motivational makeup. We will examine each of these possibilities 11 
some detail. 


CHANGES IN GROSS ANATOMY 


The hand. It might be supposed that considerable modification 2 
the anthropoid hand would be needed to make it adequate for skillful 
tool using. However, our data do not support this hypothesis; ыг 
subject uses a great variety of tools, and she uses them skillfully 2 
easily enough to be of considerable practical value to her (figs. 1 and он 
The relative shortness of her thumb does not, despite common nelle 
prevent her grasping small objects between thumb and forefinger (fig- Ер 
We suspect that another peculiarity of the chimpanzee hand, less vet 
mentioned in the literature, may cause more difficulty. This is th : ei 
of dorsiflexion of the wrist (Straus, 740) which sometimes makes it pe 
to position a tool properly, after it has been grasped. However, iw 
is not a really serious impediment to tool using. Functional rt 2 
tends to outweigh structural rigidity. If Viki’s dexterity is agros 
than that observed in most other n a | 
understandable in terms of the oft-neglected factor of experience. Меп 
chimpanzees have much less »pportunity to develop their manual ЭР: 
than human children have. Also, it must be remembered that many it 
the tools we ask chimpanzees to use were designed specifically A 
human hands, and are ill-suited for use by chimpanzees. The ©! 


: put 
panzee hand performs rather, poorly with our shears, for instal it 3 
it would probably operate quite effectively with shears designed 19 
(Kroeber, 248, р. 68). 


1 : oy is те 
chimpanzees, the discrepancy 181 


се; 


* Invention and construction 


B of tools are important too, of course: 
one of the prime functions of cul ^ 


2adivi 10 
ture is to relieve the average individua! © ore 
of the burden of creation, by allowing him to utilize the products of W cul” 
capable fellow; i t, e.g., by Hooton (/42, p. xxxix). In p ілі 5 
= Паге , and normally do not, invent or construct etaile? 
a practically significant extent. For this reason we are postponing 8 
Vs Viki's ereative activities to a later and more appropriate TC 
iki’s use of tools is illustrated ex iv i silent film 
and Hsyeg, *53). extensively in а 16 mm, 
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Na 22 > en dein suggested that modifieation of the anthropoid 
bipedal ү : ний and most basie step in human evolution, since 
(е. а ҮК nage ould be needed to free the hands for the use of tools 
ets Pin (S 30). However, if evolution operates by selection, 
eren П РУ foresight, tool using must have appeared first. Only then 
мр А intrinsically inefficient, bipedal mode of locomation be favored 
nasa ion (Bartholomew and Birdsell, 53, p. 482). We seriously 
M. pre-cultural tool using, on an individual basis, would be of 
Fi quan 2. to permit bipedalism, and we therefore suggest 
"i ee ura tool using appeared when posture was still of the anthro- 
mali, ж MN seems entirely possible. Most of man’s tool using 
of she. a sitting position, or a stationary, standing position—neither 
инь = 16 difficult for chimpanzees (figs. 5 and 6). So far as the 
есы г saon of implements is concerned, a chimpanzee can carry small 
obiecta M {з four extremities while walking quadrupedally, and heavy 
dicus. be carried in both arms, while walking upright—for short 
, at least (fig. 4).° 


M д. _ The anthropoid lungs, 
ate. Pene considered adequate for the prod | 
chimpanzee emen (48) has recently ascribed the absence of speech in 
< ео | 0 ни laryngeal strueture. We are not prepared to evaluate 
that he м жи. study as such, but we ean say with confidence 
88 hie “лсэн about its functional significance. It may be аны 
but it is А a that the chimpanzee larynx is more complex than man’s; 
lab н ау true that chimpanzee voice production is more complex 
Das оф » ву therefore uscless for speech. Chimpanzee vocalization 
ouble tor Шет appreciably from ours in its use of inspired breath or 
св and the chimpanzee's air sac 18 not involved in vocalization. 
Sounds, zees сап and do produce а variety of vowel and consonant 


larynx, and mouth have 
uction of speech sounds. 


over the classification of extinct primates 


Br 7 б 
т size. Controversy 
ties. Unless the brain was 


Ofte 
n j : 
centers around their cranial capaci 


ese two paragraphs have not denied 
[non-neural] parts of the body an 
» We do deny that changes 
thropoid behavior to cul- 
“теп” whose 
and in this 
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large enough, the creature presumably could not have been sufficiently 
* intelligent ? to behave like a man, and must therefore have been an ape. 
We do not know, of course, just how large a brain is * large enough," 
though Keith (748, p. 206) has boldly drawn the line at 750 cc. The 
matter is obscured by the vague manner in which the term “ intelligence м 
is often used. However, if this word is defined operationally in one of 
the various possible ways, we still have no definite information about it$ 
relation to the size of the brain or any of its parts. In the absence of 
data we venture to speculate as follows: Such processes as forming от 
retaining an association, perceiving a relationship, drawing an inference; 
or generalizing a principle, should be relatively independent of sheer 
mass of tissue. We consider it likely that the quantity of brain is pr 
marily related to a quantitative aspect of its function—specifically to 
its information handling capacity. One of the most distinctive tasks 
imposed upon the human brain by man's eultural way of life is the 
assimilation and storage of a tremendous amount of information. On 
the other hand, the chimpanzee’s 400 gram brain seems to be fully 
capable of handling all the useful information likely to be encountered 
directly by the individual. From this point of view, an increase in the 
size of the anthropoid brain would be of no advantage to its possessor, 
so long as he continued to lead a non-cultural existence. We suggest 
the possibility that most of the fourfold increase in cranial capacity 
from ап горой to man, took place after the appearance of culture and 


language, and therefore after primate behavior had become essentially 
human.” 2 


SPECIAL MENTAL ABILITIES 


The second type of evolutionary change which may, conceivably, have 
BW. fe the appearance of cvjture, is the development of complex 
patterning in the fine structure of the brain, which would provide specia 
mental abilities not adequately developed at the anthropoid level. These 
micro-anatomical details would be inaccessible not only to paleontologic? 
methods, but also to present histological techniques, so this kind 9 


structural evolution could be know lv bv infer ош behaviors 
dats. (Lashley, 241), n only by inference from 


telli- 
lable 
tion 


"'Thorndike (97, р. 415) has su 


| ested tha i t of in 
gence is nothing more than th ipa i сыр 


T Á е number of potential associative bonds avai 
in the brain. ‚ We have made one abortive attempt to deal with informat 
караси experimentally; but there is still considerable doubt whether this ыг 
ever be praetical (Hayes, Thompson, and Hayes, '52) 

7 2 
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"his "1 Э H 
Menu. а ие 
ay be нарына ав, fuv inet 5 а paci y or behavior which 
relational. masail нь. Or ins ance, abstract, symbolic, conceptual, 
ыт "uS a ul, or foresightful. These concepts appear to have 
Honorii : 5 ш ia complex behavior (or introspection) of sophisticated 
ue peris aes T ашыш for the difficulty of defining them in terms 
anil dien 5 Миг applicable to non-cultural, non-linguistic, 
Ma Ы. subjects (6. 6% Seward, 248, р. 280). 
but enly шнын = Ч . заз > ша vacuum, 
бин: өнөө нх 3 : 8 n t" in pe ion w hich have been acquired 
= ns " A primate who has not acquired the same skills 
iine fis е сап hardly be expected to display these functions in the 
кімні сас If a primate s background of experience is sufficiently 
Жа on es fail to display any ‘ higher functions ? jn any form 
regardless 4. у нг of his lack of skills and information and 
a few expestim ne ре ak of his brain. There have been only 
fling: cn нэ = al studies which bear pend on this question, but 
acquired nk the hypothesis that “higher mental abilities ? are 
Tack ather than inherited. 
of iue шн involve the integr ) 
it is “Мин шинэ said to require specta 
(towel к such low: are extremely difficdl 
Shown ме) "8 р. 165; Yerkes, 48, p. 188). 
with an Ч Mo that this difficulty may be eliminated by 
Thompson "i “ур” den id problems (Harlow, 
It —— | wien S 
trasted чеч ne Ле ю suppose th 
confined». direct experience, depended on som: 
Broung e) to man. Here асай, however, 
or other experience has been found to make such os very easy 
с io m (Harlow, 44; Hayes and Hayes, 52). u 
Clear өү} ‘le » when the factor of experience is considered, there is no 
Mental a chimpanzees are deficient in any hypothetical, higher 
Special dim les. Furthermore, it may be questioned ue vr 
avor Dien actually exist, as such, even in man. We are incline ы 
ike’s hypothesis that “іп their deeper nature ihe higher 


ation of events separated by an interval 
] * symbolic processes," and 
t for naive chimpanzees 

Several studies have 
prior experience 
'44; Hayes and 


at learning by observation, as con- 
e faculty which was 
an adequate back- 


Orm, 

8 о і B n . . 
connects, intellectual operation are jdentical with mere association от 
i ort of physiological con- 


ion form; ч 
1 forming, depending upon the same $ 


епо; : 
ns but requiring many more of them.” (Thorndike et al, "27, 
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: > — in 
p. 415). We suggest that the * higher mental functions observed ir 
man are more nearly results of culture than causes of it. 


MOTIVATIONAL MAKEUP 


The third and last type of evolutionary development users ШӨ 
neural mechanisms which cause an animal to engage in various н 
of activity (Harlow, 253). These mechanisms are presumably уяан 
anatomical and inaccessible to direct observation but may be aco 
from behavior. We are not particularly interested in the drives М гам 
cause an animal to eat, drink, and reproduce, but rather in the tare 
drives—the innate tendencies toward behavior which serves no "icm 
practical purpose. Such behavior has survival value because it E net 
opportunity for the acquisition of skills and information pen any 
later be useful in the solution of practical problems. То avor hei 
irrelevant connotations of the word * play ” (Beach, 45; Schlosberg, еді 
and to indicate explicitly the significance of this phenomenon, we 0 
the alternative term, 


« ; Р BAN: 
experience-producing drives. 


of 
Ме : : rround 
Cultural living, as we know it, requir к! 


s an adequate backg he first 
р : : кте ле firs 
experience in at least two broad areas: mechanical and social. Т nd to 
Е ; Р à seco 
15 essential to the technological aspect of culture and the sec 


communication and cooperative enterprise. 


ly in 
Mechanical play. Тһе chimpanzee resembles man very e n 
mechanical interest. Our subject, Viki, spends a large part of г more 
playing with tools, toys, and’ household equipment, as well as imn jsi ve 
primitive materials, such as sand, sticks, and water. This d 
mechanical play, coupled with the dexterity mentioned earlier, deem 
the chinipanzee to develop a very respectable amount of mech авату 
ability. Tt is our belief that no further evolution would be nece? 


to prepare the chimpanzee for the tool-using side of cultural life. 


8 


шал 
; es mble 
Chimpanzees also rese games 


quite closely in preference for social play. Viki likes simple reems 
which involve tickling, wrestling, chasing, and teasing; and it * gely 
likely that such communi 
in the course of such pla 
type of drive which ік 
specifically communicativ. 

This type of play 
the first year of life, 


Social and -communicative play. 


cative ability as she has was acquired E 
у. However, she is markedly deficient eae? 
very prominent in man—the drive 

е and linguistic play. , arly 2 
appears as babbling in the human child, e gills 
and provides extensive practice in the mus 
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of i 
ay eA наи speech sounds. During the next few years, 
ре gan = ned the elements of speech, he takes great interest 
em 2, E У "s s—most of which һауе no practical value for him 
ае а К m they may be useful later. For the rest of the 
Нил ‚ à large proportion et his speech satisfies no more immediate, 
: ü need than that for self expression. 
ieee ei Lp eae however, vocal play is almost completely 
d he eol ES 5 “л pon months, Viki babbled enough to show 
ас булчин а; € was capable of producing a variety of vowel 
NI da у 2 8 Дере; she did much less of this than human 
р. 63). > ne activity did not persist nearly so long (Hayes, 751, 
ee re many chimpanzees engage in a type of sound- 
eh, hy ыы L hich is somewhat similar to babbling; however, the 
anai эн itm by mouth movements only, without use of the 
closely е y ону Hm of the lungs. Some of these sounds 
mci po the “ clicks which form a part of certain human 
n fenton | е has produced only six of these sounds, and has shown 
8 теі Y о combine them in groups. They could thus provide only 
imited potential vocabulary. 


Viki yeadily imd 
readily imitates our production of her mouth sounds and 


earns x 
s me: А 1 Е 
neanings which we assign to them. She сап thus ask for а drink 


А т 5 ch ? (with the German pronunciation, 88 in Ich), or for a 
together z saying “ tsk,” or for a ride in the car by clicking her teeth 
Speak Y Bowens, unlike the human child who has just begun to 

» Viki uses her words only for the practical purpose of getting 


what 

b she ду я ч $ 
wants. She does not engage т purely sociable conversation, 

en use her words fôr practical 


s without them. When she 
leads us to the kitehen 
be led and stubbornly 


Or eg 
ос ар Ў 
Purpos entrie expression. She does not ev 
Ses, if А 
Wants a, if she can show us what she want 
Sa DW i 
cup of cocoa, for instance, she silently 


and | 
ha : Е 
üsk & E us the ingredients. Only if we refuse to 
^. What do you want?" does she say “ ch.” ° 
n the evolution of modern 


NH ы, that the most important step i ; 
Produein і pe anthropoid ancestor was àn increase in ihe experience- 
уроћев drives relevant to the skills of communication. Others have 
Хун ised that apes do not talk thing to say 

т, 28, р. 329). This seems ate reason— 


because they have no 
to us like an inadequ 


8 Бо 
ин nei 
аһ е of Viki's vocal behavior is illustrated іп а 16 mm, sound film (Hayes 


ayes, 50), 
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it does not keep people from talking. Furthermore, we have found that 
Viki often does have things to say. We contend that apes do not talk 
because unlike man, they have no inclination to talk when there 18 
nothing to be said. 

We have, in the past, suggested that chimpanzees m 
deficient in some neurological mechanism which provides the сара 
to learn language (Hayes, 751, p. 66). We still consider it concelvé 


ay be innately 
city 
able 


. . H ge 

that if a chimpanzee and a human child both had the same languag 
H H . w Ч т 
experience, the chimpanzee might learn much less language. хиаг 
avail- 


we now recognize that such speculation is meaningless, 0 far as aven 
able operations are concerned. It is impossible to coerce а chimpanzee 
into the kind and amount of language practice that the human child 
gets spontaneously. Since the known difference in motivation accounts 
for the observed difference in attainment, there is no point in postulating 
an unknowable difference in capacity. 


COMMUNICATION AND EARLY CULTURE 


қ : 4 kill 
The simple beginnings of culture would require only 2 little 88 


in communication—perhaps about as much as chimpanzees already шон 
(Kroeber, 448, р. 223). It is important, in this connection, to note id 
difference between the invention and use of tools, on the one hand, 27 
tool culture on the other. The importance of communication inere 


ases 


SE i | : : | rooden 

ав the probability of an invention decreases. Invention of ine % arge 

. B ri 9 

club, or the stone-used-as-a-missile, would probably occur 1? B cunt 
- ir 


majority of isolated, individual chimpanzees, under appropriate © 
stances, and would thus be independent of culture. The stone- 
spear, however, would probably be invented very seldom, and wor he 


tippe“ 
e 


available to a whole population, in successive generations, only hin 
methods of manufacture айй use could be communicated. ә 
panzee's ability to learn by imitation would appear to make 
Sible—at least.for simple tools and techniques.? 

Another function of communication in culture is the facili 
cooperative enterprise. Chimpanzees are capable of considerable ding 
munication which could serve for directing, instructing, eomm. 
or soliciting. Crawford (37) has femonsträð cooperative pi үз # 
the setting of a laboratory problem, and Viki commonly disp? she 
spontaneously. She often requests үзэ help with things шш 
cannot do, or is forbidden to do, or afraid to do, by herself. 4 


this po 


tatio? $ 
vost" 


8 
? Viki's imitative ability is 1 : vent film (887% 
Hayes, >50). У is illustrated in a 16 mm, silent 
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Je мийн eene she used was the simple one of leading us where 
Cim Ex 2 go. More recently, she places our hands on the objects 
ханах, : | о manipulate and often moves our hands in a manner 
ёс ле : асНоп to be performed. For instance, if she wants to 
Situs po ле leads us to the drawer where the door key is kept and 
ас мэн on the drawer pull. If we don't open it promptly, she 
tie en dece a tug. W hen the drawer is open, she puts our hand to 
pe ee i 3 »en we grasp it, she moves our hand to the key hole. If 
anii ҚЫ 9 lag, she moves our hand till the key enters the key hole 
bue эмд с ad wrist to indieate the unlocking movement. (She 
Mitted to.) inlock the door for herself, of course, but is not per- 


xs 
Viki makes relatively little use of gestures of the hand alone, 

She often points to things she wants, 
А be touched if that were allowed ; but 
room, for instance, though she 
She uses movements of her own 
the case where she wanted 
She moved 
parently to 


without 


vi d ап object or person. 
she ea ээ near by and coul 
responds и рош to the door aeross the 
hands to bs ni ii when we do so. 
to help Mies de an activity only rarely—as in 
her iy e end but was forbidden to touch the iron. 
Show wha nd back and forth above the ironing board, ap 
Thi hat she wanted. 
hae eae of communication may be said to involve “iconic signs,” 
Physical на ате related in an obvious and logical way to their 
Suggests n We have observed some behavior in = Mw 
Whose onan ини may readily convert such signs into ‘symbols, 
Character = have an essentially arbitrary relationship to their physical 
` hen Viki was very young, we never took her for a ride in 


e 
‚ саг wi 2 г Е 
in Without taking some spare diapers along. Ав a тєв, she 
i handful of 


Vente 
d H H n H 
diapers t the device of asking for a ride Бу bringing us à 
Wero am os the bathroom. Later, she no longer wore diapers, but there 
i : : 
some т the bathroom, and she still brought them out when 


She 
hne m а ride. When we eventually disposed of the non-functional 
Coming тррїу, Viki asked for a ride by running into the bathroom and 
Sem Қ out with a handful of Kleenex tissues—which bore only a faint 
ance to diapers, These tissues had never had any direct connec- 
likely forgotten how 


"with yi 
the whole Pa and by this time Viki had quite 
to he Son thing started. Except for its history, this would now appear 
ы munication by means of an arbitrary convention developed by 


е ch; 
himpanzee, 


А S A7 САТЕ 
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MESS 
rocalization in co 
Viki commonly employs a partieular type of vocaliz 
iki e 


“ 
аһ, 
18:18 атзе 
icati his is a hoe ‘ 
bination with her non-linguistic gn p pano М. pisse? in 4 very 
ination s indicate “ asking : his 
which serves to attract attention, Эр to Сэүн dom using ts 
| айж individu 
Ге have observed a few sen 1 
Ч nse. We ha xo fure 1 
general se m e lect? тен n 
1 ү; but there appe: Mg n 
сааи е ich it is produced. Some seen ining. 
differences in the ease with which it is pro еее g 
: i it even with exten: fem. ^d 
эрэгт rs fail to do it e SP ae айр 
spontaneously, while others edt coul eek di D 
This sound, unlike the chimpanzee’s 


rovide 
1 oneeivably, РТ 

res, 75 . 66) and could, cor 

roduced at will (Hayes, 751, р 1 cou inc E 
ihe starting point for development of spoken languag — 


o rh commt р 

We estimate that chimpanzees are capable of e ет ће typion 
to permit several kinds of cooperative enterprise w cpi qiie mo 
of very primitive culture. An individual с something 2: 
others and bring them to a place where tere d i» 18 attack 
done: a heavy load to be transported, a large ама of the task ni 
or a good supply of fruit to be picked. If the n: waht be shown wh" 
not immediately apparent to the newcomer, he m im іе ip bé 58 d 
was wanted. If he did not understand the холин work, he ms 
could ask for a demonstration. 1f he were reluctan 
be coerced. 


ugh 

Chimpanzees could probably communicate mm жалы 

kinds of organized, group hunting: they might, »" га ШЕ e b 

surround a herd of animals and stampede them “Манай to w tion 

however, that they could ürrange for certain ныр communie 
ambush while others drove ‘the quarry to them. : 


in 
ote 1n 
з m rents rem 
would probably be inadequate to deal with eve 


atio” 
eil 
space, à 


ome 
for $ 


apacity, "nod 

If chimpanzees have this much — € There p кл 

naturally arises, “Why dox’t they have Жа ыы зоте. 231 
possible answers, One is that perhaps they do 


па (Nis ^ qe 
MIT w 4 
relatively little about chimpanzee behavior in the 


А An ty: 

3 5 ео 10. К T t 

and cultural factors may well be involved in som сар ро 
possibility is tha 


-cess 
exce 
" resence of 
t culture appears only in the a эн which We " 
i i Or 
Or it may depend on some unrecognized fac 
considered, 


However, we ten 
Culture because they 
out it (Nissen, 
to infectious dj 


is th : 
4 to prefer the e dr environa prin” by 
are adequately adapted to obably due duct 
31, р. 104). Their mortality is В d not be 7^ 
Sease (Schultz, 750, p. 51) and wou 
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the iques ша 
Ч techniques of a primitive culture. Food shortage, predators, ог a 
izon c» : 
а ous climate could be combatted by simple cultural means; but these 
о : : : : 
not appear to be important factors in chimpanzee survival. 


CONCLUSION 


" 2 summary, we hypothesize that modern man evolved from an 
nthropoi : қ қ . 
hropoid ancestor by way of the following sequence of events. 


ine migration or changing climate, a population of anthropoids 
vival DEO - environment in which cultural behavior had greater sur- 
(This n юэ P it has in the ecology of present anthropoid species. 
Would - bably involved a shift from vegetable to animal food, which 
eg present no serious difficulty. Viki eats a considerable amount of 
88, fish, and meat, including small lizards which she catches.) 
x In response to the new environmental pressure, à simple, 
niea Vultus developed, which provided primitive tools and tech- 
8 for obtaining food, or protection from predators or climate. 
E this cultural setting, language acquired a value it on =. 
as chim 2-5 began to develop on the foundation of a few sounds ки h 
tion а Dien are able to use. With the appearance of d + ue 
and line ей in favor of individuals with strong drives m Т. А > 
and le snas play, so that successive generations Jearned more language, 
5 arned it more easily. 
lites, res as the linguistic culture cet al mene a 
педа, M ау | became advantageous, and selec : E m 
ucing s selection probably operated on the growth p Pp 
> ба rather generalized fetalization (Keith, 248, р. 197; Schultz, 
head 49) » With mature brain size as the basis of selection, and jaw size, 
t ae ete., as incidental, correlated features. сай 
арреаъ in Яс noted that the much discussed change in po: ipi 
his behaviorally oriented schema. The recent discovery 0 


Dely 
bipes South African ape-men (Broom, 250; Dart, 249) suggests that 

ow locomotion preceded brain enlargement in the evolution of man. 
À was the first or most 


basig ep it does not follow that upright posture 4 
Sho 8 г In human evolution (Washburn, 250). The present analysis 
We ET hat it is a secondary character of only moderate importance. 
Ош EN With Kroeber's suggestion (748. P- 68) that it could have € 

Completely, without seriously altering the basic outlines 0 


evolution. 


i non- 
lin 


hay, 


more complex, larger 
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CLOSING REMARKS 


BY WILLIAM L. STRAUS, JR. 
Laboratory of Physical A nthropology 
The Johns Hopkins University 


I BELIEVE that I am correct in stating that the peak of ren 
on the nonhuman primates in this century was reached during Ея 
third and fourth decades. During the last fifteen or more years, [^^ 
ever, the output of such studies has fallen off to а marked degree. rer 
reason for this I do not know. Perhaps it is due to the war. ma 
the reason, however, the number of workers now actively engaged за 
primate research is almost pitifully small. The response rii т ol 
this symposium leads me to hope that it may signal the up 
à revival; for, although I admit to something more than à slight P. 
judice, I know of no aspect of anthropology that is likely to yield rie 
dividends to the investigator. А hat 

I am glad to note that Dr. Hooton agrees in essence with yes 
I said at last year's Wenner-Gren international symposium about, 
present status of our knowledge of primates and about the impo" 
gaps that remain to be filled. He has, however, stated the ЭГ 
extensive and intensive studies of nonhuman primates far тоё 
quently and more effectively than I possibly can. 

I heartily endorse his statement about the pressing need sq. 
and sound knowledge of nonhuman primates when reconstruct™ gg 
interpreting the fossil remains of man and other primates. 1 
go even further, however and T am sure that he will agree У jes 
and stress the imperative need of comparing fossils with large ser fat 
existing primates, utilizing biostatistical methods. ‘There has bee? 
too much reliance on that more facile method which a forme? may 
of mine used to call “ anatomical appreciation.” I know that I at 80 
stepping on tender toes when I say this; nevertheless, I believe 


ant 


for а proad 


_— 
ith me 


tor 
e 
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гэв want has been written about the Australopithecines falls into 
1. rp на Ава many studies of primate teeth, as Dr. Hooton 
ghtfully emphasized, furnish yet another important example. 

Dr. Hooton has also emphasized the paucity, indeed the virtual 
absenee, of genetic studies of nonhuman primates—studies that would, 
23 doubt, help elucidate some of the problems of human evolution. 
E аа to such studies are of course great, but 80 would be the 
of хавчиг 1e cooperation of primatologists, geneticists, and directors 

zoological parks could scarcely fail to reap а rich harvest. 

АСТ ымы е papers of Dr. Jepsen and Dr. Patterson cannot 
of the ee upon us the important fact that the geological history 
ува a cep an extremely long one. Ав Dr. Jepsen has noted, only 
and t 18 living mammalian orders—the marsupials, the insectivores, 
I ^ carnivores—have, in our present knowledge, longer histories. 
мт и temm! produet of some 65 million years of primate evolution, 
What m üre really to understand him, we must take due cognizance of 
and 8 gone before. In this, as will again be noted later, Dr. Davis 
myself see eye to eye. The whole gamut of primate evolution, from 
Undoubt 1] "HA orth American Paleocene onward, has 
indeed edly left its mark on man as we know him today. In the past— 
haa 7а втш аї the present time—too many students of wed egre 
infe а their attention too closely or even epe tie т: 
apes іы, appear to stand nearest to man—that is, on the - то] : 
Seotomat particularly on the great apes—with resulting myopia ын 
00 evid ме The consequences of such a limited outlook have pesce: 
istory "y in some evolutionary controversies. Although ае шин 
8хайцайу = primates exhibits many irritating +s jot ae 
Rew light юэ. filled in. | Indeed, — Mq quater qi 
Unexpected троп man's history: light the : : pia ық 
Svolution . in its nature. Yet many impor ant p E i dace 
ате the шон for elucidation. To give but ав ine ] i | Эн 
: ationship of the tupaioids to the lemuroids and tarsioi 8, 
Бау, of а tarsioid origin of the simian primates, the ше 
Toups hes, the evolutionary relationships of the existing C 

of y> ад, last but not least, the nature and the zoological position 


e 

ме ustralopithecines. ^ 
has ай b: these problems have been discussed by Dr. koe oe 
"n © it clear that paleontology cannot yet speak with au шин 
of the primates. The poverty 0 


е tax 
laxonomy and phylogeny 


th 
le early prosimins of tbe M 
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nammalian 
habits and 
mals 


primate paleontology as compared with that of certain other I 
orders is undoubtedly to a large degree a reflection of the А 
habituses of primates, which do not favor preservation of these poc 
as fossils. Notwithstanding, as Dr. Patterson points out, poleon wd 
is in a position to make certain reasonable suggestions. It is нан tate 
for me even to note, much less discuss, all of the interesting P “self 
that have been raised in his stimulating paper; so I will confine myse 
to a few that seem particularly pertinent. | ‚ Tertiary 
Dr. Patterson is inclined to agree with Barth that in early Ter . тү 
times the differences between lemuroids and tarsioids were not по 
important. This might be interpreted as indicating а late. p cit 
the two groups, a view that seems recently to have gained in popu хий, 
but, as Dr. Patterson notes, the history of the so-called pros! 
far from clear. 5 se late 
Iam extremely interested іп Dr. Patterson's appraisal of - : 16 
Eocene and early Oligocene catarrhines termed, respectively, = шин 
pithecus, Moeripithecus, Parapithecus, Propliopithecus, and “A - d 
thecus,” all known only by their lower jaws. Аз he states, ES he is 
“ probably of the greatest importance in primate history > bu ly as 
only being realistic when he advocates that they be listed on be 
Catarrhina (or Anthropoidea) incerta sedis. То them might Asch 
added Oreopithecus, with which Dr. Patterson has dealt so illumina atis 
and Apidium. Various theories, some of them smacking of ye a рел» 
and in general not warranted by the meager evidence that the pape b 
provide, have been spun arouxd these fragments. It is better to! 


nians 15 


the 
pl gn ЕВ 

às Dr. Patterson intimates, that the origins and early histor: 
catarrhines are still largely shrouded in mystery. nvlogenY: 


Dr. Patterson has shown us two diagrams of primate P И 
one by Dr. А. H. Schultz ard one by himself. "That aii "a 
each by an outstanding student of primates, can differ 80 ine 
in so many important points, is highly significant. И етарһа5 ] 
fact that in the present state of our knowledge it is quite Р05 (an 
arrive at very different interpretations of primate history. | 
scarcely be doubted that future paleontological discoveries ns 
about important and perhaps even startling changes in ОШ! 
of primate phylogeny. 

I fully endorse Dr. Patterson's 
as indicating that * 
rhine evolution.” 


yams, 


ing” 


the 


concep 


appraisal of the av 


; за vent 
‘extreme brachiation was a very late eve to br 


m e 


Ви! when he suggests that preadaptation 


: 


CLOSING REMARKS 307 


tion was peculiar to the pongid or hominoid stock, which gave rise to the 
"pw anthropoid apes and man, I cannot quite go along with him. 
мо ше to discuss the moot question of whether there was a 

Mating stage in mans ancestry; for this symposium 1s primarily 
dedicated to the nonhuman primates. Furthermore, as I have pointed 
Е the matter of semantics is involved, in that the term 

: iation ” does not mean the same thing to ай students. However, 
l wish to note that bimanual progression is not limited, among the 
catarrhines, to the pongids. Some of the living cercopithecine monkeys 


asion and hence might well be regarded 


swi " 
Ing by the arms оп осе 
especially 


a m brachiators ; and the semnopithecine monkeys, 
ndr inus even more addicted to this type of locomotion. Thus I 
m na = the penchant for occasional or moderate arm-swinging, or 
of the c; »rachiation if you will, probably was common to the whole 
сии stock rather than restricted to the pongid or hominoid 
might e üs Dr. Patterson suggests. That acceptance of this concept 

alter one's views on the phylogeny of the catarrhines, surely need 


10 be emphasized here, 
Wis ‘ 

ina e б there were time to discuss Dt. Davis’ pape’ т Ұя 
EP ч E stimulating ideas. Пе rightly insists that the central 
S to exp), Comparative anatomy, and of historical Е б" =. 
ыы *in—rather than. simply to дестеге Аман of XT 1 
vitio x lis emphasis on geneties and morphogenetie fields is in 2 
г Ше coepi ot the newer comparative anatomy. Dr. Daria реза 

E tions having relatively major phenotypic effects have p pom 
Тэнд volution. This belief, as he realizes, represents à ET 
sisten XY with which, however, I am personally шешей pgs Э" 
к Ce that structure cannot be divorced from function," and that 


араар anatomy is sterile without this dual emphasis, sepe : 
а omy On of the still dominant Gegenbaurian concept of RU 
Presen ль, repudiation to which I heartily subscribe. Dr. pong 
Cate Эсэн а method for the sorting out of morphological characters = 
ээж. Т Separating the phylogenetically old from the phylogenetic? T 
Yet tha hough this procedure E scarcely new in comparative eee 
Courso > Some such evaluation is necessary and needs reemphasis i = 
ы; 2 Кт; But when it comes to labelling characters = Dod 
a ise traits, I can only repeat what I said in 1949: 
Parate e 8ht be valid were we able, with any degree of con" 
aracters into such distinct categories. - > 


iction, to 


Furthermore; it is 
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exceedingly doubtful whether such a separation is justifiable, if for 
no other reason than that it remains to be proven for any character 
that it is not in some way adaptive. Even assuming that there 18 such 
а truly fundamental distinction, there is every reason to believe that 
gene complexes underlie both such kinds of characters." Finally, Dr. 
Davis’ emphasis on the importance of studying the treeshrews and the 
generalized insectivores in attempting to understand human evolution 
is in line with what has already been said. Students of man's evolution 
cannot stop with man, nor even with the primates. The whole of 
mammalian history, even of vertebrate history, has left its mark upon 
him. Hence the anthropologist needs а broad comparative point of view. 

Aside from the light that they cast on existing forms, the papers s 
Drs. Schuman and Brace, Dr. Tappen, and Dr. Erikson in this iw 
posium provide data of great value in the interpretation of the remain? 
of fossil primates in general; they also are of particular value in inter- 
preting the vestiges of human evolution. 

The detailed study of Drs. Schuman and Brace of the variability of 
the permanent teeth in a representative population sample of ын 
Liberian chimpanzee, with its valuable statistical analysis, constitutes 4 
truly major contribution. As Dr. Hooton has pointed out, and #5 А 
have noted elsewhere, sweeping phylogenetic conclusions derived pni 
dental morphology have all too often been based upon inadequate d 
ledge of dental variability, whether this variability be intragenerie: ый 
specific, or at a lower taxonomic level. Primate taxonomy, тілі 
one likes it or not, is, largely because of paleontological neces т. 
primarily a dental one. Yet, detailed knowledge of normal deo 10 
variability in primates is shockingly inadequate. Thus, as I have 8 
elsewhere, and which I now repeat with apologies, “ it is not improba ; 
that undue emphasis has often been placed upon slight differen re- 
dental morphology, with consequent taxonomic or phylogenetic шин” 
tations that would not have been drawn had more information герат y 
the dental variability of the involved form or forms been avail? " 
The study of Drs. Schuman and Brace, the importance of which іш 
scarcely Бе overstressed, helps fill in ong of the many yawning gap? ne 
our knowledge of primate dentitions; in doing so, it demonstra = 0 
high degree of dental variability that can бусаг within а homogen® gh 
primate population—a demonstration which, it is to be hoped багт” 
perhaps I аш overoptimistie), may serve pn а rein upon ш will 
odontological speculation. It is also to be hoped that this stu 


CLOSING REMARKS 309 


provide a stimulus for further studies of this sort. It would be particu- 
larly instructive to compare Drs. Schuman and Brace's group of diitm- 
panzees with that other large and homogeneous sample from a totally 
different locality belonging to the Todd Collection of Western Reserve 
University. 

Dr. Tappen’s split-line studies of the orientation of Haversian systems 
within the skulls of representative primates is an example of the 
Application of one of the newer techniques to а dynamic analysis of the 
skeleton—a type of approach for which anthropology is largely indebted 
to Dr. Washburn. Despite the limitations admittedly inherent in this 
particular technique—namely, its restriction to the more external details 
of bony structure—it has already yielded basic information respecting 
at least some of the factors involved in the forms of bones, and the 
Contributions possible by this method are almost innumerable. 

I have followed Dr. Erikson's long-term study of the New World 
monkeys with great interest; for the platyrrhines represent an important 
and relatively neglected primate group. Although almost nothing is 
known of their geological history, as Dr. Jepsen has pointed out, there 
nevertheless is little or no reason to doubt that they have long pursued 
= own course of evolution quite independent of the catarrhines and 
ыы the numerous, intriguing similarities between the two simian pom 
lari autonomous developments. Because 01 these striking parallel- 
8ms the platyrrhines assume a somewhat strategic position for providing 


ata that can aid in elucidating the phylogenetic relationships of catar- 


ты groups. Detailed knowledge of platyrrhine morphology and its 
g or and otherwise, will 


iim to ecology and physiology. both locomot 
ee aid in the m and interpretation of the үнгө! E pisa 
in at diverse types of brachiation that have evolved, apparen у qu i 
"Pendently, in various Old World simians. Indeed, it may ker 
^id light upon that important and vexed question, already no =. 
ird “What role, if any, did brachiation play in йн а. 
lo 1?" As Dr. Erikson notes, the majority of studies 0 ш маа 
Seny have been too exclusively restricted to men and ыы" и 
he мн narrowly focussed on the skeleton, especially on the A =. лэ 
ar rad. From the point of view of primate paleontology; : и гаа 
° of particular significance for any analysis of the functional ¢ vi : 
Postcrania] skeletal remains. Also of great importance to enin 
Pen phylogeny is the emphasis that Dr. Erikson places, and 118 y 


Thi ini istence of the 
е believe, upon the necessity of truly recognizing the existence 
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phenomenon of parallelism. And, finally, which should provide anthro- 
pologists and paleontologists with food for thought, there are the dis- 
harmonies and puzzles that he notes—such disharmonies and puzzles 85 
the association of seemingly similar morphological patterns with very 
dissimilar habituses, and the reverse. Although his particular analysis 
relates to New World simians, it is obvious that this type of study 18 
also quite applicable to the simians of the Old World. 

It is beyond my capacity to analyze critically the papers of Drs. 
Carpenter, Nissen, Harlow, and Hayes. But there are several comments 
that I would like to make. 

Dr. Carpenter's paper underlines the importance of field studi 
nonhuman primates, like those that he has already made on howlers. on 
spider monkeys, on macaques, and on gibbons, like that of Dr. Nissen 
on chimpanzees and like that of Dr. Zuckerman on baboons. 1 сап only 
echo Dr. Hooton’s plea for more studies of the social life of contem- 
porary nonhuman primates in natural environments; and 1 likewise 
deeply deplore the virtual cessation of such studies. For, like Dr. Hooton» 
Т am convinced that studies of this sort are more likely to illuminate 
the origins and evolution of human social organization and behavio 
than are studies of “primitive” or 4 uncivilized " human groups € 
I say this without intending at all to deny the value of the latter type 
of study. . ` 


ез ОЇ 


е 
ance of 10! 


The papers of Drs. Nissen and Harlow stress the import nate 
mi 


homeostatic and, at times, apparently purposeless motivation in pri 
behavior—such things as play, exploration, and curiosity. This an 
possibly be something that is essentially peculiar to primates, а p 
in the degree of its development. То express it in the language a 
layman, iť is what I like to call the “ cussed curiosity " of primates: к 
least of simian primates, 1 strongly suspect that this “ cussed қығы, : 

18 even more highly developed in Old World simians than in New 5 pd 
“mang, although T cannot Support my suspicion by controlled 09807 0 
Hons. If this is actually true, it may well explain why it fell to os 18 
of the Old World simians to ; А ^us, cantanker0 + 


: roduce a cussedly curious, of 
highly individualisti р дан т а 
i s 18 
sag ualistic, and successful creature such as man, wit 


his appurtenances that collectively go to make up the all 
which passes under that vague term, “ culture.” jum 

Psychobiological studies, such яг those discussed in this symp це 
prove, quite as definitely as morphological aca. tusk man ji re 
and, more particularly, a catarrhine primate. But, effective 88 


is a 


they P 


( 
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in providing know 
in prosiding eil of the vav materials that to me up hmm 
ference between man : Ta : Spenge that great behavioral dif- 
termed “ man's x: " we hose animals that Dr. Hooton has so pungently 
is one of ж чал a6 вки % l was about to say that the difference 
and Е is aiff i culture > is а word that has been bandied about 
clearly Sener ps ic a5 thie pepa of Dr. and Mrs. Hayes so 
distinction resides ps " ан юэ ишш jens and his greatest 
Ti Beer еж e ie fact that he is a time-binder and a tool-maker. 
ith, elias nie : ma a matter of degree when comparison is made 
ӨНӨӨ te eerie: 8, 22 the fact remains that man is peculiar in the 
Peculiarity that Re Jun {шее dimensions of time, It is this 
Anticipatio Ж m one ше to his remarkable degree of foresight or 
terti іш fhe bra es » — best expressed in tool-making, to use this 
ihe Hayesa кзы Ч m And it is tool-making—not tool-using, as 
Min. TE is the 9... represents the greatest distinetion of 
Dr. Nissen’s ааа ыг : пе capacity of men for making—to borrow 
more НН е | Who e арт by which our ultimate goals are 
remains to be ы 1 i he actual basis of this human trait 
little doubt Yet rmined. That it is largely neurological, there seems 
other ndis of á ps депу morphological and physiological changes in 
bchavior sa tim ex =. an important role in the evolution of human 
naive, Tt ig й ысты would seem to do, strikés me as unrealistic and 
© not ies. о then. е to believe that non-neural structures 
have ies 4, d in the determination of behavior. Thus, as I 
and ап adequate p пете, the happy combination of an adequate brain 
1e course of Ч hand undoubtedly played a major role in determining 
The bora “иь evolution. 
carly "Es hesis of Dr. and Mrs. ' 
Present ie of human behavior is an interest 
beclouded ю can be neither proved nor disproved. 
г. VPN diem: by resort to that vague term, 
has noted, is virtually undefinable.* 


Hayes regarding the órigin and 
ng one, which, at the 

Their argument is 
5 culture,” which, as 


Duri 
à n : | 
Posium Эр Хо discussion at the Wenner-Gren Foundation International Sym- 
€ Anthropology held in June, 1952, I suggested that man may be defined 

ppraisal of Anthropology Today, 


195, Л anim : 
"р, Pp. 269.9 ssing a culture” (see An А 
7204). Subsequently, it has been amply demonstrated that the term 
human groups, 18 used incon- 


lti 
i ure» 
Sisto, , 9” even 1 
" n i denas 
ent] in its application to present-day 
agreement as to its precise 


с and Kroeber 


У by 
бад: | р 
ч У anthropologists and without general 
Definitions by 


"nq . 8: ТІ 
: Uekhon, sonent reviews of Kroeber's The Nature of Cultur 
ns Culture: А Critical Review of Concepts and 
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s е iruly 
His Tar fror my tention to belittle the тетин chim- 
fine contributions that have resulted from ү ео 
Nor do I wish to impugn Dr. and Mrs. Hay it is unwise 
study of Viki. But it should always be remembered that i insofar as 
e йы Ass emphasis upon an organism that may well rina and 
Pa айшә of man is concerned, deviant. The — a species 
Mrs. Hayes that “man’s ancestry includes, at зэр” ; нэ! ий chim- 
which was physically and behaviorally ише to , ten of present 
panzee—in a general way, if not in detail,’ is, in а “chimpanzee 18 
knowledge, certainly open to serious question. па Tonica] and phys- 
adapted to a peculiar mode of life, involving morpho avers doubted. 
ological specializations of a high order, is not to be e Е vecializations 
And that there consequently are accompanying хэрчин ын p diga 30 
must be taken for granted. Тһе concept of a “ dart 5 Зууван! 
human evolution is, to put it mildly, a bit atavistic—it is 
Haeckelism. 2 
Wr found it somewhat disturbing to hear the еў 
such terms as “ phylogenetic scale," * phylogenetic level, Я these terms 
and “lower.” It is difficult for me to believe that gee wo slit 
seriously. In any case, we had best abandon such agde of a scale 
never truly understand human evolution if we think in te 


іп 0 
Е Р ы ms of a “ great chal 
naturae—no more so than if we think in terms of a “g 
being.” 


e 


ogists us? 


* higher 


а 
ature 
А : y is by na 
In closing, I can only emphasize that anthropology 


adequa еМ 
highly eclectie science. It is far too broad in scope ce it serves А 
mastered by any опе person. Therein lies its strength, Es complet? 
а focal point for workers in many fields. The symposium J 
amply attests to this, 


AP 
Sees, 

Leslie A. White and Jos 
Appraisal of Anthropol 
vol. 56, no. 3, June 1954 
Particularly “ vague" and « 


parative study of behavior wi 


ropology 
eph H. Greenberg, and of Anthropo 


lied to 
virtually undefinable" when app 


thin the order Primates. 
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ы INTRODUCTION 
НЕ in t : t | | 
Used erpupillary distance is a measurement which has been widely 
i s i 1 1 . S: . В 
different in physical anthropology. It shows considerable variation in 
Ч ho Populations; the eyes of Africans are more widely spaced 
Se of Fur, D à "ud 
д e of vh Europeans, for example. The measurement is € e 
‚ атасы ыу, ical interest because, among defectives, а large number 
i 16 skull shapes occurs and the position of the eyes is often 


“За, 
Ї сей, T БЙРЧ Ў 2 А ату di 
i efectiy No systematic investigation of the interpupillary distance 
; е: Я Ё z 
5 8 seems to have been undertaken hitherto. The present paper 
diagnosis upon 


en 

[3 ed a : : Ё 

ч Meas as a contribution to the method of basing 
urement rather than on clinical impression- 
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SUMMARY OF PREVIOUS LITERATURE 


Тһе interpupillary distance has been mainly studied in hypertelorism 


and mongolism. Barr (704) noted the proximity of the eyes in mon- 
golism and Brushfield (724), on the basis of actual measurement, reached 
the same conclusion. Van der Scheer (727) also noted that this distance 
is reduced in mongolism. Lowe (49) found that the eyes of mongols 
were about 5 mm closer together than in normal adults though this fut 
had to be considered in relation to the small size of their heads and 
reduction of their measurements generally. 

Kanner (733), describing mongolism, states: “ The eyes are very 1687 
each other, though the flat bridge of the nose may give the imprese 
that they are spaced more widely.” "This impression has led many peopte 
astray Тог example, Wilson (^40) says that the eyes are set obliquely d 
wide apart. Øster (753) quotes observers, such as Weygandt, Ye E 
had stated that the distance was increased, Carter and McCarthy ( pa 
are not clear on this point and Engler (49) was unable to find = 
divergence from the normal. Draper, Dupertuis and Caughey (є 
describe wide set eyes as a feature closely related to mongolism. о 
Greig (724), for hypertelorism, observed that one of the most charac 


teristic features was increased distance between the eyes. 


MATERIAL AND METHODS IN TIIE PRESENT STUDY 


: : cingham 
Patients measured for this survey were resident in Hecking 


iris. 
Institution, Little Plumstead Hall and Eaton Grange Hostel for Беті 
Norfolk, or at Cell Barnes Hospital, Hertfordshire. Measureme? ёс 
опе mentally defective case of hypertelorism (at St. Lawrence's Повр ye 
Caterham, Surrey) were kindly supplied by Dr. B. W. Richards: 
writers are indebted to Dr. J. V. Morris and Dr. N. H. М. But 
granting facilities for measuring the patients under their care. adult 
The control group (for interpupillary distance) comprise i y 
males and 100 adult females whose measurements were supplie ent? 
courtesy of Messrs. Clement Clarke of St. Albans: these measure al 
were taken for the purpose of fitting spectacles. One mentally ? 
case of hypertelorism, an adult male, was recorded in the data- the 
The measurement of the interpupillary distance was eter 
standard method. This consists in reading the distance, in milli т ns 
between the centers of the pupils on à zs m 
length horizontally 7 


ке 107 


orm? 


a transparent scale hel 
across the bridge of the subject's nose. 
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18 requir iv 
tn = = ане n one eye and then the other towards the opposite 
атай уште aut ^s | 2 hus readings are made as though the visual 
ОША be iubes Маң those cases in which satisfactory cooperation 
«ego! га ын used in this survey. If strabismus is present, 
г bids a — which is not being observed must be occluded. 
fidi dite aad ne ke а systematic analysis of the relationships between 
ed npe aca : Li m distance, and the changes involved with age, 
а tan af read breadth were measured by standard anthropological 
дд] ын pu in the survey. Head measurements of mentally 
adults, which я obtained from a sample of 192 male and 101 female 
with an ad ine uded members of institution staffs, for comparison 
m adult defective population. 
Нил be ана and grades used in the tables (see also the key to 
2), were checked by one of us (L. A. K.) who also measured 


all + ini 
he defectives used in the survey. 


RESULTS 


f 

ани күзіне measurements were available for these three 
Male and ы ут adult subjects, the main investigation covered 396 
Erouping is кеі emale defectives aged 15 years and over. Even this 
le age of "i quite satisfactory since the head continues to grow after 
tables 1 an Ч 3 ears, "The results, by diagnosis and grade, are shown m 
Years are a s. Measurements made on patients below the age of 15 

summarized here and they show how all the measurements 


Brad 
ually тен 2 
У Increase with age. Unfortunately there are no normal controls 


avai] 
able j 4 
for comparison with them. 


KEY TO TABLES 1 AND 2 


1 
2 Молдо, Diagnosis 
3 Alerocephar, 6 Endocrine 11 Epilepsy 
CTocepha] 7 Hemiplegia 12 Psychosis қ 
i 8 Diplegia 13 Miscellaneous (epi 
р зы loin, phenylketonuria, 
f Ж microphthalmos) 
L haly im: 
kele al (ийн 9 9 Athetosis 14 Hy petias 
ш 10 Neurological (other) ір Residuals 
1 
iot Mm | 
3 Feeble-minded 


2 Imbecile 
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Тһе three measurements сап be investigated in any clinical group 
of adult defectives. Outstanding examples are mongolism, microcephaly, 
hydrocephaly, and hypertelorism. In all, 4 cases of hypertelorism WERE 
examined; they are males of whom three are defective and one 13 of 
normal mentality. The measurements are as follows: 


Interpupillary 
Age Grade distance Head breadth Head length 
92 idiot 63 127 164, 
1592 imbecile 07 148 178 
эз? imbecile 18 158 20? 
49 normal 13 146 181 
1 See table 1. 2 Бее table 3. 


Three of these cases are adults and their mean interpupillary Du 
measurement is 72.7, almost 23 times S. D. (standard deviation) abe n 
the control mean of 64.3. Since adult Africans in Jamaica have 2 ud 
measurement of 70.6 (Davenport and Steggerda, 730) it is — ын 
hypertelorism is not necessarily an abnormal trait but is usually 4 wee 
tion on a graded scale. Тһе value of 78, in the third сазе recorded 
must, however, be regarded as grossly abnormal for a Europea , ЭР 
When all measurements are expressed in terms of standard dede rd 
exact comparisons can be made, and the difference divided by the stane” 


above: 


к Харайн В : PEDI 
deviation is given in table 3 for the three measurements in the var 
outstanding types. atly 

. 4 4.2 e v 

It is clear that in the mongols the length of the head 18-87 gs 


diminished, —3 S. D., and that the head breadth is only slightly out 
than the normal control; ipterpupillary distance is markedly: ead 
—? S.D., different from the normal. In the case of mierocepha D ore 


length is diminished less than that of the mongols, head breadth = pu 
diminished than that of the mongols ; the interpupillary distance © tbs 
in these cases, as might be expected, but, in relation to hea А 
it is not diminished as it is in mongoliera. cial у, 
Hydrocephaly is associated with їпстөнвөй head length and, евр and 
breadth of the head but the interpupillary distance is not increas 
may even sometimes be markedly diminished. 
The interrelationships between these three head measu 
of biometric interest. In order to study them precisely, 60176 
cients were calculated on the total data, pooling all patients 0 


а! 
rement? е^ 
son € 
ation " 
lat ; nm 
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TABLE 3 


A is 
nalysis of head measurements by clinical type (age 15 years and over) 


Difference 
Dis Ж " from Control * р)-- 
ignosis Number Sex Measurement Mean (D) Ё Бү . 
1 Morgolis 
ongolism 17 т Interpup.dist. 64.3 — 97 —2.9 
Head breadth 142.6 — 8.9 —1.5 
Head length А —223 —8.3 
16 f Interpup. dist. 2 —17 
Head breadth — 54 —1.0 
Head length —23.8 —34 
33 ФГ? Interpup. dist. —23 
Head breadth —1.3 
Head length —3.3 
2 
? Microcepha 
ocephaly 4 т Interpup.dist. 00.0 —1.3 
Head breadth 123.2 --4Л 
Head length 173.2 —3.2 
2 f Interpup.dist. 55.0 —1.3 
Пела breadth 51 --24 
Head length 7.9 —2.7 
6 m&fr Interpup. dist. —1.5 
Head breadth —3.8 
—3.0 


Head length 


Nn T 


4 Пуд 
Уйго y І 
cephaly 4 m Interpup. dist. — 8.8 —2.7 
Непа breadth + 3.0 . +1.3 
Head length 198.2 + 3.6 +0.5 
2 f Interpup. diste 02.0 + 14 4-05 
Tead breadth 174.5 +28.7 +5.3 
Head length 202.0 +15.9 +2.3 
6 ағ Interpup. dist. 138 
Head breadth il 


Head length 


4н 
Ypertelor; 
"uem g m Interpup. dist. тал + 8 + 
Неад breadth 150.3 — 12 = 
Tead length 187.0 — 7.6 . 
sae 


. 
See 
а 
bles 1 and 9. + Weighted mean. 
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ages (see table 4). Naturally, there were positive correlations о 
age and each measurement and these had to be eliminated statis pd 
Тһе degrees of association of the measurements for constant ин 2 
found by applying partial correlation technique. Interpupillary dis а ч 
was shown to be closely related to head length. It was therefore со à 
cluded that, for clinical purposes, comparison of interpupillary — 
with head breadth, rather than with length, would give the most use u 
information. 
TABLE 4 


Correlation coefficients 


Characters Males (498 cases) Females (348 cas% 
Interpupillary distance and head breadth +0.493 = 0.034 4-0.420 = 2 
i 4 — andheadlength | +-0.660 = 0.025 0.598 = 0.0: 
f “and age +0.440 = 0.036 
Head breadth and head length +0.570 + 0.030 
ш Е " age +0.204 + 0.043 


Head length and age +0.380 = 0.038 


Interpupillary distance and 


head breadth, for constant age +0.459 
Interpupillary distance and = 
head length, for constant. nge 4-0.593 +0.541 


one 
: un — Ра п ће 0 
А simple way of indicating the peculiarities observed, 0 nine 


hand in mongolism and, on the other, in hypertelorism, is to re has 
the index (interpupillary distance head breadth). This -— ater 
some advantage over the traditional one, obtained by qe а 
pupillary distance by face bréadth. The head breadth is availa 


snl: 
: js n 
known to be useful for clinical purposes whereas face breadth M 
The index, 


Lh. 
interpupillary distance divided by head bread ge 
found to vary between 0.30 and 0.51. There are no controls ? quls 
directly for this index but the aver 
must be close to 0.42. Тһе me 


ean 2 
age value for normal EuroP apd 7” 
an values of T. d. and Н. b. T value 
respectively) for controls, given in tables 1 and 2, their ?* w 


; oen these 
S, and 8, respectively) and the intercorrelation between the 2 

measurements corrected for age (ray) can be used to estimate 

value of the index (a/b) 


hus, 
and its standard deviation (валь): 


“ 4 
(Sav)? = (my2s,2 — 2m,mys,s, + ша ы?) /b 


-———— 
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ng that шаль = Ma/Mp, the index for control males has a mean 
d 0.420 with S. D. of 0.021 and the mean index for control females is 
416 with S. D. of 0.020. Distributions derived from defectives and 


controls are summarized in table 5 and figure 1 has been constructed 


from table 6. 


TABLE 5 


Mean interpupillary distance ratio (distance/head-breadth) 


in different sample populations 


-- 
Description Age Group Mean Standard 
of cases in years Number Ratio Deviation 
Mongolism 0 to 14 30 0.385 0.019 
H 15 & over 33 0.390 0.021 
Ypertelorism all ages 3 0.480 0.026 
Other ty 7 0.402 0.031 
ег types of defectives | К: 5 sd ud 0.423 0.029 
Contr 5& оу! L2 
Cont; e Sage 15 & over 100 0.420 0.021 
PN 
females 15 & over 100 0,410 0.020 
TABLE 6 d 
Р T . 
a/b)» р 
Rati = - 
4 Cases of Mongolism Cases of Hypertelorism АП Other Cases 
0.50 
ГЕ 0.9 
due 0.49 0.0 яа 1; 
iow 0.0 es 5 ар 
0.3 70.43 0.0 = 300 
04-040 143 0.0 ши 
350.37 61.9 0.0 A 
0.0 08 


829 34 20.6 
90 01 


322 KERWOOD, LANG-BROWN AND PENROSE 


The average of this index, for all defectives, agrees with the control : 
it is slightly less than this in infants (see tables 1 and 2). 

In mongols the average is between 0.38 and 0.39. Аз in many other 
characters the mongols show less variation than other defectives here. 
Тһе standard deviation is just 0.02, instead of nearly 0.03 in the other 
cases. Тһе index is also notably low in hydrocephaly. 


90 Е : 
Mongoliss 


Eypertelorísa 


Other Diagnoses 


o om 
Ses ово oss о4о O45 озо оз 
Index (a/b) = (Interpupillary distance) + (Head breadth) 

1 mb 
Fic. 1. PERCENTAGE DISTRIBUTIONS oF MENTALLY DEFECTIVE patients (ALY A 


SUMMARY 


: . 48 
Interpupillary distance has been measured in 498 male am 
10060 defectives and related to head breadth and head length. a 
parisons were made between the Measurements of adult defective * 
normal adult controls. 


al тев 


It is found that the ratio of interpupillary distance to ! 49, 


is a useful clinical index. This ratio, which has a normal value : 
with a standard deviation of 0.02, is much greater in hyperte 97 
(0.48) and much less in mongolism (0.38). 
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THE ABO, MNS, AND Rh-Hr BLOOD GROUPS 
OF THE MAPUCHE INDIANS OF CAUTÍN 
PROVINCE, CHILE 


BY LUIS SANDOVAL AND CARLOS HENCKEL 
Universidad de Chile and Universidad de Concepción 


INTRODUCTION 


г. purpose of this paper is to present fuller serological € н" 
the Mapuche Indians, align these data with previously publish M 
figures on the Mapuche (Rahm, 731, Henckel, Castelli and Dal ^ 
41; and Sandoval, Henckel and Givovich, 46), and to discuss ги 
hypothetical gene frequencies of pure blood Mapuche in view of was 
amount of White admixture in these series. The present series аз 
collected by us in December, 1953, with the encouragement of an : 
grant from the Council of Scientific Investigations of the Univers! ital 
de Concepción. After establishing a field laboratory at the Bo 
Regional de Temuco, we were able to secure blood samples from зе 
Mapuche located in Temuco and five towns within the province ( 


e 
table 1). Because of poor samples or obvious White admixture, 8 pr 
not used. Through Drs, А. Е. Mourant and R. R. Race we -— (0), 
to secure a small amount of anti-S serum. Anti-Rh, (D), anti-rh ur- 
anti-rh” (E), anti-Hr'(c), and the anti-M and anti-N sera were ега 
chased from the Blood Donor Service, J amaica, New York. wo 
for the ABO groupings were prepared by Dr. Sandoval from the В 
Bank Service, St. Borja Hospital, Santiago. 


MATERIAL А ND RESULTS 


of 
А full examination was made of the A,A.BO, and Rh 8791р o 
the main series of specimens, The frequencies of the ABO gron on 


shown in table 2, In caleulating the gene frequencies, the Bern? 
formulae, adjusted, were used. 
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As we expected, the higher frequency of group O and of gene O were 
In good agreement with our earlier investigations in the same province. 
Duplication of our previous results in respect (0 frequencies of the ABO 


Locality 


Temuco (Prison) 
Temuco (4 


TABLE 1 
Total Not tabulated 
10 
Tucapel” Regiment) 25 
18 No. 192 Poor sample. No. 209, 


Temuco. ( Hospital) 


Cajon (Sanitary Unity) 


White. 


12 
Cajon (Publie School) 15 
“ajon (Farmer School) 20 
El Natre (School) 24 No. 108 Poor sample. 
Anquenco (Publie School) 16 
queneo (House) 5 
Labranza (Unicef) 12 No. 142 “ mestizo.” No. 143 Poor 
ан | sample. 
za (Public School) 44 No. 148 (Boroa type, Blue eyes) 
Chotenot i No. 279, Red hair. 
(Huiehiean School) 57 
Total tabulated 258 
TABLE 2 


The ABO system 


Group Gene Fr»quencies 
Total о А; В AB А B о 
Nu 
Hber 258 25 35 18 0 0.0701 0.355 0.8939 
Per cent 


99.98 79.45 13.56 6.97 0 


al 
culated by Bernstein’s formulae. 
Erou 
Nature of 


PS suggests that there has been no important change in the genetic 
the population during the 8 years which intervened. 


Bene e frequencies of the Rh-Hr groups are shown in table 5. Тһе 
ange, эдэн. were calculated from Fisher’s formulae (sce Race and 
т, 50). All the Mapuche Indians were Rh positives. 
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T ; higher than 

Тһе В, (CDe) gene frequency was also сиса е 2. 
gene В, (cDE) frequency. Genes r (ede) ; r^ (Cde) ; and т” (e 

lacking in our series. ажий 

i MNS frequencies (see table 3) have not been teported Las теі 

from Chile. Our findings on a small sample (29 че = 
comparable to Chown's data on the Blood Indians о! Canada (s 


TABLE 3 
The MNS system 


МБРР 
: MNs 
Total MS NS MNS Ms Ns 
= à 1 T 
Number 59 17 4 17 13 iiai 
Per cent 99.99 9581 6.78 — 9881] — 22.03 1.70 


Gene Frequencies 


ms .2438 
ms 4686 
nS .1288 
ns 1596 


Calculated by Mourant’s formulae. 


azat- 
and Lewis, 753). These frequencies are distinctly higher than e 
Mallen's (752) on the Tarasco and Otomí of Mexico; the figures x from 
by Sanger (50) on Australian and New Guinea танның Жағы, on 
Zotendiek (253) on Bushmen; and those published by Pantin (7 
Dieguefio Indians, е 
Тһе ММ frequencies caleul 
à larger sample (144 individ 
earlier figures (see table 4). 


in 


" А 7 alone; : 
ated from Wiener’s formulae, ош 


і р eowith 
uals) were in good agreement 


TABLE 4 
The MN system 


e Ш cies 
Group Gene F np" 
Total M N MN m 
Number 144 68 12 64 
3055 
Per cent 99.90 47.99 8.33 4444 0.6944 0.305 


Calculated by Wiener’s formulae. 


-i O 
777 
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DISCUSSION 


The history of Araucanian (Mapuehe)-White contact in Chile dates 
from 1541 (see Cooper, 720) and is of such nature as to virtually preclude 
li selection of a completely * pure " Indian series among the Mapuche. 
Since, according to the 1920 census, 58,000 of the 105,000 Mapuche were 
then located in Cautín province, it is apparent that there lay the best 
?Pportunity of securing the relatively purest Indian samples. This 


$ TABLE 5 


The Rh-Hr system 


Total Rh,Rh, Rhrh Rh,Rh, Rh, Rh, Rh,Rh? 
CCDe Сере Сере «ере ере CCDE 
Number 25g пз ә 11 32 n 4 
Percent — 00.07 4370 — &13 2984 124 4.26 1.55 


Gene frequencies 
Ro(eDe) 0.021 г (ede) 0.000 
В, (Сре) 0.693 г’ (Cde) 0.000 
Ц, (РЕ) 0.255 r"(edE) 0.000 
R,(CDE) 0.032 


Cal 
culated from Fisher's formulae. 


qPPortunity. of course 
im all the сагс w 
lite admixture, 
* We had any cle 
mop ТЫҒЫ ірін 
Serieg Could be 


Тосіс 
Cap, p ata on 


is, what brought us to Cautin province. However, 
e could exercise, it is likely that the ‘series has 


ar idea of the genetic composition of the Indian 
populations, the blood group frequencies of our Mapuche 
used in estimating the amount of intermixture. Failing 
the parent populations, we have the agreement of Boyd 
also worth D> that such estimates are probably not worthwhile. It is 
Е Басар. that even with much better information than we have 

(5з, м frequencies of the parent populations, Chown and Lewis 
Benes in ep a willing to estimate that roughly one-sixth of the 
hites ackfoot and Blood Indians series are attributable to 
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Tt is likely that White admixture in our Mapuche series is greater 
than the one-sixth for Dlackfoot and Blood. Indeed, by employing 
various formulae on the ABO and MN frequencies, estimates of White 
admixture range from 30-47%. Unfortunately, these estimates ane 
only based upon hypothetical or assumed frequencies for the White 
and Indian populations of Chile. For example, using Steven’s (752, РР. 
17-20) formulae for p and g, we may assume parent White frequencies 
of 0.27 and 0.08 respectively, and none for either in the case of the 
pre-contact Mapuche. Yet since all the Mapuche A fell in subgroup А» 
with no A, such as occurs in roughly one out of 4 or 5 group A Europeans 
it is by no means certain that the pre-contact Mapuche had по group A- 
In any case, Stevens’ formulae yield an estimated 309 White admixture. 

Done another way, by using the simple Ottensooser's (744) formula 
on group B, alone, we may assume a frequency of 0.08 for the White? 
and none for the pre-contact Mapuche. While it is most likely that the 
group В now shown by the Mapuche had a White origin, the assumption 
of 0.08 for q in the Whites may not be close to ч Тһе estimate 
amount of White admixture by this overly simplified formula is about 
44%. Finally, another estimate may be sought in the MN groups, using 
the simple formula cited by Boyd (49, 2, 587-588). Пете we have 
assumed that the White frequency for n would be about 0.12, and gince 
American Indians are high in M and low in N, that à pre-contac 
Зарад» т frequency would be about 0.20. This estimate of white 
admixture runs about 47%. 

It seems to us, however, 


5 that these estimates are altogether too big 
specially when т, т” and т” 


(ede, Cde, and edE) are wholly lacking m 
the present Mapuche series, although there was : low accen of thes? 
тасш нийн previously reported one (Sandoval, Henckel, and Givovicls 
46). Some incidence of these genotypes could be expected in а рор"; 
lation with considerable White admixture; for instance, in à series 9 


241 Blood Indians gene r had a Chown 80 
Lewis, йй), а frequency of 0.06 (Ch 


: 1 at 
In summary, with no more information than is available to 19 


present, we cannot give any confident estimate of the amount of ын 
admixture in the Mapuche series, Without any more than the s 
$ 


considerations and our own experience to guide us, we suggest tha 
White admixture may be somewhere around 25%. 55 

For the translation into English, revision o£ our work, and numerous 
kind suggestions we should like to thank Dr. Richard Р. Schaedel 80 
Dr. Marshall T. Newman. 
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SUMMARY 


The ABO, MNS and Rh blood groups of 266 Mapuche Indians 
located in Cautín province have been examined, and 258 aníhropo- 
logically selected individuals have been studied. High frequency of the 
0 characteristic of the Amerie 
group, 


an Indian series was found. Of the A 
only subgroup A, was present, There was no Аз. 

M was high. S was higher than in other series investigated in 
entral America, All the Mapuche Indians were Rh positive. The genes 
* (ede); т? (Cde) : and г” (edE) were absent from the series. 
"he appraisal of White admixture is discussed, and reasons are 


iven for & $ : м аё 
шилд Supposing this admixture to be around 25600. 
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ч Y 
FURTHER EVIDENCE OF AGE CHANGES IN BOD 
FORM BASED ON MATERIAL OF 
D. A. W. EDWARDS 


BY BOZO SKERLJ | 
— a 
Institute of Anthropology, University of Ljubljana, Jugoslavi 


з ms (OL 

O get more evidence on the age changes in the main P unt 
"T body form, the data collected in London by Edwards ын outset 
presented in his table IIT are reevaluated. It may be said at ths piofek 
that results are similar to those on Minnesota women (Škerlj, 1 328), 
and Hunt, 758). Howells (52), for males, and Škerlj (30 иг other 
for females, have also approached this problem with studies o 
Series. 

The questions to be investigated are: 


:aleness 

1. Whether Edwards’ data, arrived. at by measuring the rr 
of a fold of skin and subcutaneous fat (skin fold) at 53 sites. suppo sites; 
results obtained by measuring at 10 sites, in women, or even fewer * 
in men (cf. Skerlj, Brozek, and Hunt, 753). 

8. Whether there is really no difference between па Прато“ 
parous women, as claimed by Edwards; and 

3. Whether there 
of the body; that is, 
development of the sup 
inferior part of the bod 
Škerlj, 230 and 

Edwards ( 
He says: 


в and 


^4 parts 
; Н " {ап Ра” 
are differences with sex and age in Ж gree 9 
: : есте 
whetker there are differences in the deg 


5 the 
: қ ; tans oainst 
erficial soft tissues in the superior as ав! 


n imbs (ar 
y or in the trunk as compared with the lin 


798 and Škerlj ef al., 753). 


alipe? 
51, рр. 305-306) measured with a skinfold ^ 


in 
The observations were on 
wards, and in the Endocrine 


at first taken at random as 


bution of patients over a wi бору, 
below. Patients were excluded from the series if they suffered from lipo were P 
or any proved endocrine disorder. They 


excluded because of menopausal irregularities only. 
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The patients were arranged according to sex and аме” Mog 
following groups: 18 prepubertal boys—males of 5 уеш 61 3 е хог 
Out pubie hair: 10 pubertal boys—males with pubie hair w x 2 
not more than 15 years old; 16 men—males of 19 years and old = à 
Prepubertal givls—fomálos of 5 years or older whose menarche ate 
Occurred; 22 pubertal girls—females whose menarche had occurred 

More than 


5 years previously; and, of women whose menarche had 
occurred 


at least 5 years previously, 72 nulliparous—who к 
been Pregnant, 55 parous—but who had not been a одвийне: d а 
Past year: and 26 menopausal who had had signs or оперни ^ 
Menopause regardless of whether they had ever been pregnant ыг 2 
Ten additional women who were pregnant at the time of measuremen 
are not further considered here. : 

In all these individuals skin folds were measured at 53 sites: one on 
the Chin, two on the neek, 10 on the front and side of the thorax, three 
9n the abdomen, 9 on the back and lumbar region, 8 on the upper arm, 
8 on the forearm, and 6 each on the thigh and calf. | 
Following Edwards (751) the skinfold thicknesses are expressed in 


о ч j $ 1e 

Percentages of the sum of all 53 measurements. Аз the numbers in son н 
i s Pacts of s; в 
Broups are small some irregularities due to the effects of sampling mu 


?* expected, 

In the neck, 
of relativo 
Adulthood, 

There 
relative р 
abdomen 
Nulliparoy 
Prepubert 


thorax, abdomen, the front аза the back, the inerease 
skinfold thickness in males, particularly between puberty and 
is more intensive than it is in females. 

are two peculiarities in thes regions in females: 1; ша 
а! thickness deereases from prepuberty to puberty in the neck, 
and the total front; it decreases from prepuberty to the 
8 state in the front of the thorax; but it inereascs from the 
al age-group on in the back of the thorax and the total back; 
‘Ne parous women show, in all these regions, except the abdomen, a 
i ard the prepubertal or pubertal state or, at least, the 
Women are not intermediate between the nulliparous and meno- 
adult females; at any rate, there are at least slight differences 
n the parous and non-parous. 

The lumbar region shows no big differences in the main trend, even 
Ugh here also males gain more between puberty and adulthood than 
Jetweon Prepuberty and puberty. The parous women again reverse the 
"male trend and resemble the pubertal girls; taking the back as a whole, 
as reversion toward the pubertal condition is very impressive. 


Jetwoeo. 


tho 
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In the upper arm, males show almost no differences. Тһе females, 
however, lose relatively from the prepubertal to the pubertal state, gain 
to the parous state and then lose again. The total increase in the upper 
arm 18, therefore, very small in females also. In the forearm in both 
sexes the relative skinfold thickness decreases almost equally exeept that, 
in females, the parous women gain a little and the menopausal ones rank 
below them but above pubertal and nulliparous females. 

Considering the trunk above the waist, the 
increases very intensively in males 
whom there is a reversal in the 
prepubertal levels. In the trunk 
increase in both sexes; in females 


relative skinfold thickness 
but much less in females, among 
parous state toward puberta! and 
below the waist there is also an 
the pubertal ones rank lowest and 
thereafter there is ап inerease at cach stage, although not much in the 
parous group. When the whole trunk is considered the differences 
арреаг even more strikingly: the males gain very intensively, whereas 
in the females the tendency to increase is broken by the pubertal girls 


being below the prepubertal ones and parous ones being below the 


nulliparous; even the menopausal women are far below the adult men 
in this respect and the p 


arous and nulliparous women are even below 
the pubertal boys. 


In the limbs there is a tendency for the relative skinfold thickness 
to decrease, particularly in the legs. Pubertal girls show a decrease in 
the upper limbs but later there is a slight increase. Just the opposite 
is true of the lower limb: the skin folds are thickest in the pubertal 
girls, the nulliparous women show a decrease nearly to the prepubertal 
level, and the parous and especially menopausal women have relatively 


still smaller skinfold measurements of the inferior extremity. The adult 
males show an even Sreater decrease, 


There is an interesting ser, difference in the distribution of subcu- 


taneous fat in the limbs, In the upper arm of females there seems j^ 
be a tendency to lose Subcutaneous fat with age at the sites where it 1 
thickest. This is not the case with males, even though there is such 8 
tendency for fat on the inner aspect. In the arm p^ both sexes the 
the thickest skinfold is Proximal, the thinnest one distal except i? 
pubescent boys, in whom the minimum is on the medial side near the 
arm pit. In the forearm the п а are proximal in all groups and the 


naxim 
minima distal, but there are variations in whether these are anterio! 
cf. Edwards, 751, table TIT). 


posterior, medial or lateral ( 
In the thigh in both sexes the maxima are proximal and the minim? 
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distal, though again there are variations in the exact location of these. 

In the calf the greatest skinfold thickness in females is found on 
the median aspeet just under the knee, and the minima are regularly on 
the lateral aspect above the ankle. The males are the same as the females 
except that in prepubescent boys the maxima is on the medial side just 
above the ankle and the minima is just below the knee. 

Considering both extremities, the general tendency in both sexes is 
to lose subcutaneous fat, particularly from the distal parts. 

In the comparison of prepubescent children and the most mature 
Broup, it is interesting that, in all respects except the upper arm, the 
differences are far greater in males than in females. This seems to 
Suggest that males change in body form with age more than do females. 
The increase in skinfold thickness on the neck and trunk, as well as the 
decrease on the limbs, is more intensive in men. This is particularly true 
of the skinfold over the upper part of the spines as well as over the abdo- 
men, on the one hand, and over the thigh and ealf, on the other. One is 
challenged to connect these great changes in the distribution of soft 
tissues in males with a life expeetaney which (in the experience of life 
Insurance companies everywhere) is below that of females. At present 
this question is perhaps too speculative, but it may be asked whether 
here is a connection with cholesterol in blood and with atherosclerosis. 
In conclusion, then, this analysis, first, supports and enlarges on 
Previous statement and guess (Škerlj, et al, 753), namely that 
there is an overall trend with age to lose subcutaneous fat in the limbs, 
Particularly in their distal parts (at léast relative to other skinfold 
thicknesses), We have shown, furthermore, that this trend can be 
observed in only 10 (or, in men, even fewer) measurements on each 
Person. This is encouraging, for there is seldom time cnough on a 
Sufficient number of volunteers for medsuring 53 sites or even more 
(cf. Pochin, cited by Edwards, *50), not to mention practical con- 
siderations 1 à 
factor, 


our 


n clinical work when time is an even more important 


Second, in respect to the relative skinfold thicknesses, at least in 
Some parts of the body, it seems that the parous women resemble the 
Prepubescent and pubescent girls more than do the nulliparous and 
enopausal women. This statement does not support the one expressed 
rd Edwards, and further investigation of this question would be useful. 
ot inia rate, from tables 1 and 2 it can be seen immediately that many 

* percentages for parous women show a tendency to return towards 
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those of the younger groups, the prepubescent girls іп particular. Even 
though one tries to think imaginatively about the question, why parous 
women resemble prepubertal and pubertal girls more than do nulliparous 
women, an answer, at present, would be more speculative than plausible. 
And frankly, 1, for one, сап not as yet find even a reasonable speculative 
answer. 

As to our third question, the changes in relative skinfold thicknesses 
between the least and most mature groups are greater in the males than 
in the females. In the neck the increase is about 8 times as great mM 
males as in females. In the trunk above the waist the gain in men 
is more than twice that in women, and in the trunk below the waist it 
is almost three times greater. In the total trunk the gain in males 18 
therefore almost three times that in females. Furthermore, the relative 
loss of fat on the extremities, particularly the lower one, is far greater 
in men. 

In table 2 it may be seen that the skinfolds of the superior part 
of the body (8 vector) inerease while those of the inferior part (7 vector) 
decrease with age. "This trend occurs in both sexes but is more marked in 
males. Similarly there is an increase in skinfolds of the trunk with age 
(Tr vector) as compared to the extremities (Ex vector), and this is а0 
even more apparent contrast, particularly in the males. In both these 
vector continua, the statas of the parous females barely break the тат 
tendency to steady change with increased maturity. These results fully 
support those of Skerlj, BroZek and Hunt (53) on Minnesota women- 
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PHYSIQUE, TEMPERAMENT AND SEX RATIO 


BY CLARK W. HEATH * 
The Study of Adult Development (Grant Study), 
Department of Hygiene, Harvard University, 
Cambridge, Massachusetts 


URING a study of the relation of pulse rates of college students 
of 10-15 years ago to various personal and social factors, it was 
observed that men having the slowest pulses had more daughters than 
Sons when they later married and had families, whereas men with the 
fastest pulses had more sons than daughters. When the whole range of 
pulse rates was considered, a relationship with sex ratio was not con- 
Vincing. Pulse rate, however, is related to various factors of physique 
and temperament: very athletie men, for example, tend to have quite 
slow pulse rates. For this reason it was decided to compare at least 
Some of the available factors of physique and temperament with the 
Sex ratio of offspring. 
Тһе subjects selected for the Grant Study іп 1938-1942 were college 
Sophomores having good health and overtly good social adjustments 
(Heath et al.,’46). They have been followed to date, 191 of them having 
married and had children. C. C. Seltzer in 1938-1942 carefully somato- 
typed the young men. E. B. McTernan {Seltzer et al., 48) “ psycho- 
typed ” the men from their original psychiatric, social and medical 
Tecords before 1947, when very few offspring had been born. Tables 1 
and 9 show that the men in college who had been judged predominantly 
Mesomorphie (the muscular, heavy boned) and predominantly somato- 
Би, (active, physical type of temperament), tended later to have an 
“cess of daughters. Their opposites, the ectomorphie (the thin) and 
a. Cerebrotonie (intellectual temperament) tended to have an excess 
Sons (table 6). 


М The author wishes to thank Edward Е. Hunt, Jr., Charles C. McArthur and 
Бо Muench for their advice concerning this paper. 
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Predominant mesomorphy and sex ratio of offspring 


Mesomorphy predominant 


2 


Total 


Mesomorphy predominant 


се 


Total 


ALL CHILDREN 


not predominant 


not predominant 


Predominant 


Females 


Total No. Families — 187 


р = .08 


Somatotonia and sex ratio of offspring 


me O ИН 


Somatotonia predominant 
ғ not predominant 
Total 


Somatotonia predominant 
& not predominant 


Total 


ALL CHILDREN 


Males Females 


Total No. Families = 186 
р = .07 


р = .03 
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There is a loose relationship between groups of college men classified 
by such eriteria of physique and personality and their choices of major 
Studies in college. Table 3 shows that those who had majored in the 
natural sciences tended to have olispring with a lower sex ratio than 
those Who had majored in verbal, ideational or artistic subjects. The 
differences ато consistent with the expected trends but cannot be con- 
Sidered significant. 

In order to check whether the Grant Study findings might be due 
to an accident of sampling, the college class graduating in 1943 was 


TABLE 3 


College field of concentration (major) and sex ratio of offspring 


ALL CHILDREN 


Males Females 


Natura] sciences 93 е 

Social studies 8% 2 

Arts, letters and philosophy 67 58 No. of Families — 191 
сс б. wn р = .56 

FIRST-BORN 

Natura] Sciences 59 = 

Social Studies 38 2 

Arts, letters and philosophy SQ is 

Tota] Эн ын са 

tested 


sin » üfter eliminating names of Grant Subjects. Special studies had 
We Upon this class during its freshman year in college (1939) 
Nes shee a shortened somatotyping by С. С. Seltzer. Sex of offspring 
мез àined from the class tenth reunion report. Table 4 shows again 

Shows үсэн зех тайо for the predominantly mesomorphie, and table 5 
concent 86 same curious relationships between sex ratio and field. of 
the > ration, № hen ratios were determined only for first-born offspring, 
to be 2 consistencies were found : in fact, the described trends seem 
» ies t for first-born than for second- or third-born. Utilizing 

log ace -born, of course, eliminates any possible influence or bias family 
Might have upon the statistics. 
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TABLE 4 


Control: Class of 1943 minus Grant Men; mesomorphy and 


вет ratio of offspring 


ALL CHILDREN 


Males Females 


Mesomorphy predominant 202 192 ET 
a not predominant 246 204 No. of Families 
Total 448 396 p = 33 
FIRST-BORN 
Mesomorphy predominant 85 101 
as not predominant 124 103 
Total 200 204 р = .08 
TABLE 5 


~ ion 
Control: Class of 1945-minus Grant Men; college field of concentrati 
(major) and sex ratio of offspring 


` ALL CHILDREN 


а? Males Females 
Natural sciences 


164 164 
Social sciences 171 149 
Arts, letters and philosophy 117 85 
Total 452 398 

FIRST-BORN 

Natural sciences 79 85 
Social sciences 84 74 
Arts, letters and philosophy 51 45 
Total 214 204 


р 


‚ of Families 


= .22 


= 418 
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Table 6 shows, in abbreviated form, the selected results of comparison 
between various factors and sex ratio of offspring. While mesomorphy 
and ectomorphy have shown relations to sex ratio, the third element of 
fatness (edomorphy in Sheldon's somatotyping) has repeatedly given equi- 
Vocal results when compared with sex of offspring. It is possible that this 
accounts somewhat for the relative lack of influence of Ht. /N/NI. upon 
Sex ratio for these groups. Men with НЕ УЕ. of 13.0 or less in the 


TABLE 6 


Other factors and sex ratio of offspring 


Sex of Offspring 


Sex 
Factor Present in Father Series No. Males Хо. Females Ratio р" 
Predominant ectomorphy Grant 50 43 1.16 .08 
1 ^ Classof'43 127 114 111 99 
ныз 2 cerebrotonia Grant 125 100 135  .02 
КАШ 13.0 or less Grant 110 197 0.87 48 
B 3 Class of '42 93 101 0.02 48 
euer Classof'd3 242 213 114  .99 
Be tidal air 
R (000 ce or more) irant 83 108 078 08 
уе index, 05 or more Grant 70 94 0.74  .05 
зүйг іп Englhs and language. Grant 52 1 42 1.24 25 
ЫН oo V * — Classof '43 86 67 1.28 45 
2) «chem, » physics, math. Grant 54 61 0.80  .45 
Lab se Ы Class of '43 93 109 0.85 47 
elled by trait: practical 
- 3 organizing Grant 71 102 = 0.70 «.01 
Weak m “ cultural — Grant 51 32 1.59  .02 
E asculine body build Grant 81 76 1.07  .46 
Жо е ш Class of '43 5^ 42 119 42 


of m “Ву the Chi- -square Test, usually a 2 x 2 table being used, comparing offspring 
ын Possessing the factor with those of men not possessing it. 


— 1943 had about the expected sex ratio of their offspring. How- 
of 1949. factor is available for other classes and was tried with the Class 
Ht. ir *, showing a consistent reduction of sex ratios for fathers with low 
found Wt. A large tidal air (volume of air per inspiration at rest) is 
бон Somewhat more commonly in the more athletic and mesomorphic 

5 men than among their opposites and was used for further com- 
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: ата 
parisons. “ Recovery index " is а measure of physical ет 
muscular work, higher scores indicating higher fitness (Jo " ү. 
42). Although p is only occasionally .05 or less, the dn vale 
sistently in the expected direction. The relationship of ын iir ie 
factors with sex of offspring is consistent with the зуршлын мэрэг 
and active fathers tend to have more daughters than sons; Phat dip 
intellectual fathers tend to have more sons than daughters. : Й » 
phenomenon is more complex than this is suggested by the -— iege 
table 6: weak masculine body build (Seltzer, ^45). Such nili d 
not thin usually, but they tend to have more boy than girl ene тээ 

It is suggested that some common factor may be acting 10 2% мээн 
to modify both physique and temperament and the sex of the : юу? 
It is hoped that interested observers will pursue these studies үк 
and larger groups. It would seem, however, that the most s may 
inquiry might be among known biochemical body constitutents e гийна 
be related to physique and temperament. No definitely corrobore 


jon 
work has been found in the liter 
E. E. Hunt, Jr. 


he has made on t 


icat 
ature. In a personal commun ai 
indt ; ‘ith some 
says that the findings are in accord with sor 


D “able long- 
he people of the island of Yap. No comparable 2085 
term data are available for women. 
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PHYSICAL DEVELOPMENT IN THE ENGLISH AND 
THE AMERICAN PRE-SCHOOL CHILD 


А COMPARISON BETWEEN FINDINGS IN THE OXFORD 
AND THE BRUSH FOUNDATION SURVEYS? 


BY ROY M. ACHESON AND D. HEWITT 
Social Medicine Unit, University of Oxford 


INTRODUCTION 
T П Е most widely used method of assessing the skeletal maturity of a 
шэг. is to орёт а radiograph of its hand with а series of standard 
stande, ^p have previously been chosen аз typical of various ages. The 
ИМ e films generally used for this purpose are those published by 
быр (87) їп his Atlas of Skeletal Maturation and in the revised 
«иь. ы this atlas by Greulich and Pyle (750). Since the films in these 
Xon od chosen to be typical of a group of well-to-do, white children 
they ii vas distriet in the U. S. A. * there is no reason to expect that 
М fit 1 i fit exactly any other group. wa But standards do not have 
Өс pd in order to provide an adequate assessment of skeletal 
ши can be somewhat ог even much advanced or retarded аз 
te ap ed with the rate of skeletal development of a group of children 
ер they are applied, and still permit one to determine how the 
тер A status of any child in that group compares with the others of 
азыг» анд BER, B well as with the children on whom the standards are 
Used 4 (Greulich and Pyle, 750). In a previous study Todd's atlas was 
children assay some factors influencing the skeletal maturation of 
54). Т. кү the Oxford Child Health Survey (Acheson and Herit, 
tion of 5 ш Paper the same atlas has been used to compare the matura- 
in "a Re English children at Oxford with that of American children 
' rush Foundation Study at Cleveland. 
1 


T 3 А 
мъ Oxford Child Health Survey has been financed by grants from the 
Research Council and the Nuffield Provincial Hospitals Тун 
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MATERIAL 


The purpose of the Oxford Child Health Survey was to кей) exem 
continuous observation, {ог a period of 5 years, 500 babies gehen 
near the eity after January 1, 1944, and to obtain for these с e 
serial records of interest to clinicians and social workers. А ы іп 
effort was made to recruit children Trom all economic levels. Le 
sharp contrast with the selection practised in the Brush 25. 
Study where *the intention was to confine this sampling to e 
who would be reasonably free from physical, mental and mus per 
handicaps to that growth and development pattern normal сЕ 
child; to children who would be reasonably free, that is, from ae » 
mental handicaps to the realization of their inherited potentiali буй! 
(Simmons, 44). Thus the Oxford Survey sought to examine the e 


: at 
: . ; aimed а 
of an environment on development, while the Drush Study 2 
describing the process of deve 


z : e Ёс 
lopment in an optimal environmen 
At the age of 6 months, an 


Чет. X-rays 
d at 6-monthly intervals thereafter, > к 
жеге taken of the chest, of both hands and both knees. In addition 


н : kull 
child had one of the following anatomical parts X-rayed: spine; $ ; 


an 
feet or pelvis, About 90% of the hand X-rays were assessed Dy 
expert radiologist, the re 


mainder by his trainee (В. М. A.) who ed 
peatedly checked his own and his instructor's assessments. All a 
ments were made to the nearest Todd standard, i.e., to the 5 
Whole three months of “ skeletal age > for the first year and a = that 
life and thereafter to the nearest whole 6 months. It was felt 1005 
апу attempt to interpolate within these limits might lead to apa 
accuracy. This degree of approximation does not affect the uu 
of English and Ameriean mean values, but makes it ішаррторгіа 
compare standard deviations of skeletal age. 


Maturation of English Children compared with Todd’s Standards 

The first sten in the analysis w 
development of the Oxford c 
of the Todd atlas C31). Tt 


kele tal 
as to see whether or not the ae 
hildren conformed to the general p? 


keletal 
as not to be expected that the mean 8! 


? Since the methods, as well as the dates, of reeruitment differed 21 ý 
between the surveys these samples must not һе regarded as equally шавыг 
of conditions in England and America, Though we have found it conve ct wish 
refer to “the English children > and "the American children " we do ? 
to claim that we have made 


dards 
any valid comparisions of general stan 
development in the two countries. 


much 
tive 


of 
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age of the Oxford children would be identical with their calendar age, 
пог even that any difference between the two would remain constant 
throughout childhood. But the mean skeletal age of any group of 
healthy children should, by definition, bear a linear relationship to the 
mean calendar age. When these two quantities were plotted against 
9ne another, it was found that the points for boys could be adequately 


BOYS 


жеанын GIRLS 


MEAN HEIGHT (CMS) 


45 6 7 8 9 IO I 12 


TODD 51АМРрАВО 
Fro, 1, Huren or Oxrorp Boys AND GIRLS RELATED TO ToDD's STANDARDS 
OF SKELETAL MATURITY. 
M 
аай Ъу а straight line, thus confirming that the Todd standards 
follow Pplicable to Oxford boys. But the points for girls appearc? +- 
ёте is curve concave towards the skeletal age axis. That is to say, 
relative 4 а tendency for the maturation of these girls to accelerate 
Peculiari the Todd standards. This could have been due either to a 
ault in J in the rate of development of the Oxford girls or to a 
5 е standards themselves. Figure 1 suggests that the latter is 
More likely alternative. 
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In this figure are plotted the mean heights of all boys and ын [^ 
observed at each of the 'Todd standards from the fourth to the = e 
At standards Four to Eight inclusive there are only trivial шан 
in height between the sexes. Detween standards. Eight and ipte 
boys grew at the same rate as before, while the girls appeared w сад 
only half as much. From standard Nine onwards the two „a hd: 
again very similar in rate of growth. Тһе difference between the 5. 
which figure 1 seems to show is so abrupt and short-lived that ipm ей 
be regarded as an artificial effect, and may result from an opto 
making the female standards Eight and Nine too similar all ЭХ 
another. Apart from this one flaw, however, there seems no reas 


‘s and 
to question the applicability of the Todd standards to the boys ай 
girls of Oxford. 


; L of 
Growth and Maturation of Ozford Children compared with tha 
Brush Foundation Children 


The data on skeletal maturity of American children used ААТ 
section are those based оп Todd’s atlas (31) but which were [wc 
by Greulich and Pyle (50) in the introduction to their work. Stane id 
heights of the same children have been taken from the monograph /0- 
Simmons (44). In both the Oxford and the Brush surveys the ыз 
year examination was thc earliest at which all the children were pn 
Co-operate in the measurement of stature. A large proportion of "e 
had, however, been satisfactorily measured at the age of 18 months, 2 
most of the comparisons which 


а 
and * 

follow cover the age range one 
half to 5 yeas. 


a irls 
In tables 1 and 2 the mean heights of the Oxford boys on онд 
are set against the corresponding means for the Brush Survey ды зар 
Tt will be seen that in every case the Oxford children were shorter И 
the American children of the same age. The height ийеле 
absolute measure, inereased from about 7 mm at 18 months №0 к 
22 mm at the age of 5. Тһе lag of the Oxford children also appe?" 


ar 
| Я : stand 
increase from approximately one-quarter to one-half of а 
doviotion. 


two 
А small part of the difference between the findings of Ше rere 


с 
surveys may be due to the fact that the American children der 
^ dressed in indoor clothing, shoes removed ” (Simmons, М4) pres en 
wore socks at the time of measurement, whereas the English € ferre 
were measured barefoot. A second reason for differences can be 10 
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from the figures in tables 1 and 2. 'These show that compared with 
Americans of the same age, English children tended to be in a slightly 
earlier phase of height gain. During the years covered by these tables, 
girls, who are distinctly shorter than boys in infancy, gain one or two 
centimeters more in height than do boys. This tendency for the heights 
of the sexes to converge means that, of any two groups of children, the 


OXFORD SURVEY 
о = BRUSH SURVEY 


102 


loi 


»' HEIGHT AS PERCENT OF GIRLS’ HEIGHT 


En 
А 
a 


Bovi 
о 
о 


18 24 30 36 42 48 54 60 
AGE (MONTHS) 


Fie. 2. Mean Навит оғ Boys А 


к THE 
Corre! 


MEG T VARIOUS AGES As A PERCENTAGE 0 
PONDING MEAN ron GIRLS. 


Р пи re 
one with the smaller excess of male over female height is at ? tm 


-.-2ced stage of physical development and пеатег to final adult 
height. Figure 2 shows that, by this criterion, the children of the Brush 
Survey were well ahead of the Oxford children. This implies that 2 
comparison of the English and the American heights based on equal 


mature children would be more favorable to the English children tha? 
the comparisons made above. 4 


T 
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"here is one further point in tables 1 and 2 which deserves comment. 
It will be noticed that the standard deviations of the heights recorded 
in Oxford were greater than those found in the Brush survey and that 
this excess is more characteristic of the boys (with a standard deviation 
averaging about 18% wider than the American boys) than of the girls 
(standard deviation only about 20% wider than the American girls). 
This is interesting in view of Parnell’s observation that an economically 
favored group, as well as being tall, has an unusually compact height 
distribution (Parnell, ^51). It also accords with the suggestion that, 
when comparisions are made between children of equal calendar age, 
environment has more effect on the heights of boys than of girls 
(Greulich, 751; Greulich, ef al., `53; Acheson and Hewitt, 754). 


In tables 3 and 4 the mean skeletal ages reached by the Oxford boys 
and girls 


are compared with those reached by Brush Survey children 
of equal age. Once again the English children (of both sexes and at 
All ages) appear to be lagging behind the Americans. At the age of 
one and a half the English boys were 5 "skeletal months" behind; 
at the age of 5 the gap had widened to about 8 * skeletal months.” In 
terms of the (American) standard deviation the skeletal maturity of 
the English boys was considerably more retarded than their size. While 
He height difference, measured in standard deviations, was increasing 
With age (see table 1 above), the maturity difference was decreasing. 
At the age of one and a half the English girls were about 5 “ skeletal 


Months ? behind, but thereafter they showed no tendeney to lose ground 
80 that 


ü » in terms of the standard deviation, they were closing up on 
le A 


qe aims more rapidly than the boys. ЯМ "эт 
8 16 evidence of tables 3 and 4 strengthens the inference drawn from 
igure È that the English children tended to be in an earlier phase of 
Physica] development than American children of equal age. This relative 
maturity of the English children may be regarded as a second aspect 
°F general physical backwardness, possibly due to a sub-optimal environ- 
red for a growing child. In the long run, however, some degree of 
E retardation may prove an asset to ehildren whose growth is slow. 
өн: пе longer the period that remains before the final closure of the й 
Piphyses the more chance there is of catching up in height with other, 
More rapidly developing children. 
ist n view of these findings it is reasonable to compare the mean 
ights of the Brush sample as a whole with the mean heights from 
ter Surveys on the basis of equal skeletal ages as well as equal calendar 
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ages. "This has been done in figure 3 where the mean height of each age- 
group is plotted, not against the age itself but against the corresponding 
mean skeletal age. These graphs should be thought of as having a 
limit on the skeletal age scale at 225 “skeletal months? for boys and 
195 for girls. After reaching the limit there can be no further increase 
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Fig, 3. RELATION BETWEEN HEIGHT AND SK ‚ AGE. 
of skeletal age or of height. The Oxford data only cover the first third 
of the range, so that it is not possible to make any confident statements 
about the final heights of the English children. There is, however, a 
Prima facie case for regarding the group who are represented by the 
ighest line on such a graph as potentially the tallest. In figure 3 the 
ne for English boys lies distinctly higher than that for American boys; 
рч Tor English girls is at first higher than and then indistingnish- 
ea. tom that for American girls. Thus the height and maturity 
e ү um Which, taken separately, show the English children as a 
ely backward group also imply, when they are taken together, that 


li 
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the English children may become as tall or even taller than the Americans 
in adult life. It would, however, be unwise to accept this finding at its 
face value, since: 


(1) The two samples were not observed contemporancously. 


(2) Relationships between environment and development which 
obtain during the first 5 years of life do not necessarily persist through 
later childhood and adolescence, 

(3) The methods of comparison so far adopted are particularly 
vulnerable to any systematic bias in the recording of height or of skeletal 


age in either the English or the American data. 


Should any such bias run through the records it can be eliminated 
(provided it takes the form of a constant absolute error) by making the 
international comparison in terms of increments instead of absolute 
amounts. "his is shown in table 5 which sets out the differences between 


the two year? and the 5-уеат means for height and for stage in each 
survey. 


TABLE 5 


Increase in height and skeletal maturity of Oxford апа of Brush survey 
children between the ages of two and five years 


Oxford increase t$ 
Oxford Survey Brush Survey percentage of 


inerease increase Brush increase 


aume Ae 


(mm) 


+ Boys 223.52 232.61 00% 
Girls 233.68 245.57 95% 
Skeletal Maturity 
(months of Boys 32.3 364 90% 
skeletalage) Girls 42.3 42.0 101% 
State 


* The age of two was 


taken rather th f the greater 
numbers available, ап one and a half because 0 
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be done, but we must be prepared to ignore the possibility of errors 
arising from bias in the recording of skeletal age (systematie errors in the 
heights are assumed not to affect height increments). The appropriate 
procedure is illustrated in table 6. This table shows that between the 


TABLE 6 


Tnerease in height of Oxford and of Brush survey children: Comparison 
made over same phase of skeletal maturation 


Oxford Children Brush Children 
Height interpolated * at 
Height Skeletal Age corresponding skeletal age 


Age 2 865.38 21.1 833.22 
Boys Age 5 1088.90 53.9 1065.01 
Increase 223.52 — 231.79 
% of Brush Inerease 96.4% — 100.0% 
Age 2 346.07 18.6 804.27 
Girls Age 5 1079.75 60.9 1076.54 
Increase 233.68 — 212.27 
% of Brush Increase | 85.8% — 100.0% 
* Inte 


rpolation by proportional parts between adjacent points e.g. boys aged 
two: 818.42 4 211 — 19.36 


2141, е Тіл key атин. a 
2597—1036 15/910— 818.02). , 


es and 54th “skeletal months,” Oxford boys were estimated to gain 
© of the height gained by the Brush,boys; while the Oxford girls, 
a the 19th and 61st * months ? were estimated to gain only 86% 
si en height gained by the Brush girls. Thus the rate of increase in 
ulii рег unit inerease in skeletal maturity (on which acult stature 
b md depends) was greater for the American boys and girls than 
ан " English children. The English girls appeared to be relatively 
цаас behind than the boys, not so much because their rate of growth 

Ive to time fell any further short of the American standard, but 


because, unlike their brothers, these English girls matured as rapidly - 
88 the Americans, 


DISCUSSION 


the Todd referred to the age associated with any standard radiograph as 
Sarti skeletal age ? of the child concerned, and established the con- 
= of treating skeletal ages as if they were points on some absolute 

ale of skeletal maturity. In fact no such scale has yet been devised, 
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and the student of maturation is still in a position which may Ч gn 
to that of a student of weight gain who has been i bie e 
balance but cannot put more than one object in each pan. B ыл em 
of balancing experiments he can identify the median child m 
group, and then, using these children as his weight сеа а 
estimate what he might call the * ponderal age " of the other с юэ ч 
He could then compare the mean ponderal ages of different a 2 
economie groups and reach some valuable conclusions. But he сот Е, 
never discover, for example, those phases in childhood when weight (5 : 
is relatively fast or slow. Elsewhere one of us (Acheson, 54) мегі 
criticized the concept of skeletal age, suggested an alternative м 
of assessing radiographs, and applied this to the hand and knee i 
of the Oxford children. For the purpose of comparison with the epe 
Foundation children it is, however, necessary to adopt the only method 


of assessment which has been applied in both surveys, and with it Todd’s 
concept of skeletal age. 


The comparisons made in this 
the two groups of children were of 
children were all white and the maj 
descent, their racial antecedents 
Oxford group, who were mostly 
Irish and Scottish ancestry, It 
one of the samples had a great 
that there was some difference ir 

The contrast in environme 
environment and home cireu 


paper are complicated by the fact that 
different stock. Though the American 
ority of them were of North European 
were probably more mixed than p 

English with the usual admixture at 
may be, therefore, that the children = 
er inherited potentiality for growth, ын 
л their natural mean rates of maturation. 
nt is less problematic. On average, the 


: и ла” nust 
mstances of the American children n 


have been more favorable because of the different methods by which ed 
two samples were selected. 


Therefore any difference between the English 
and the American children which can be paralleled by a difference 
between poorer and richer children within the English sample moy 
plausibly be regarded as an effect of differing environments. In ua 
three findings of the present paper parallel the findings in our prev 
study of growth and maturation in contrasted economic strata of Oxfor 
(Acheson and Hewitt, 754) : 


(1) In both studies the bo 
environment were shorter tha 
age. The difference between t 


А Y rorse 
ys and girls who grew up in the W dar 

: a 
n other children of the same calen 


e 
he average height of the Oxford and th 
* See footnote 2. 


= иа 


меу 
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Cleveland samples was of the same order of magnitude as the difference 
between children of unskilled and of professional parents in Oxford. 

(3) In both studies the boys from the worse environment were 
skeletally less mature than other boys of the same calendar age. Here 
the Oxford-Cleveland difference was rather greater than the social class 
difference, In both studies environment appeared to have less effect on 
the maturation of girls than on that of boys, for the Oxford-Cleveland 
difference in maturity was slightly less for girls than for boys, and in 
the social class comparison no effect on the maturation of girls could 
be detected at all. 

(3) Comparison of the children on the basis of equal skeletal age 
(rather than equal calendar age) suggested that the effect of environment 
on final stature might be greater for girls than for boys. 

Comparisons of Guamanian with Cleveland children (Greulich, 751), 
and of children exposed to atomic bombing with other Japanese children 
(Greulich, e£. al., 758) also bear out findings (1) and (2). 


SUMMARY 


| Тһе physieal development of approximately 500 Oxford children, 
from different economie levels, followed over the first 5 years of life, is 
compared with that of the Brush Коппдайол children. On average the 
English children are shorter and less skeletally mature (Todd). In 
order to avoid systematie error arising from possible differences in 
anthropometric technique, increments ave studied. The English incre- 
ments as a percentage of the American ave estimated a.., 

(1) Stature increase per unit time: boys 96%, girls 95%. 

(2) Skeletal maturity increase per unit time: boys 90%, girls 
101%. 
| (3) Stature increase per unit skeletal maturity increase : boys 96%, 
girls 86%. 


These findings parallel those found between the different economic 


Strata within the Oxford Survey. 
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The Fourth Mental Measurements Yearbook. Edited by О. К. Buros, 
1163 рр., the Gryphon Press, Highland Park, New Jersey, 1953, 
$18.00. 


While the development of new tools for mental measurement is a 
highly technical job, standardized * mental tests " have a wide usage in 
research in a variety of segments of human biology as well as a practical 
pplication in educational, industrial, military, and psychiatric contexts. 
It is the aim of the Yearbook, and of its six predecessors, to assist the 
Potential test users in locating and evaluating tests and books on testing 
published from 1948 through 1951. 

The successive editions, each containing new materials and thus 
Supplementing rather than supplanting the earlier volumes, have been 
Srowing steadily in size and in the number of items reviewed. The first 
Section of the present edition covers some 800 tests. In addition to the 
Teviews of tests which had been already published in a wide array of 
Journals, there is a large number of reviews written specifically for the 
1 earbook. For purposes of orientation it may be useful to group the 
tests in 5 categories: sensory-motor (20 pp.), intelligence (112 pp.), 
character and personality (226 pp.), aptitudes and achievement (reading, 
English, foreign languages, fine arts, mathematics, science, social studies, 
achievement batteries, vocations) and the unavoidable “ ii?scellaneous ” 
eft-overs (accounting together for some 460 pages of the text). There 
are over 4,000 references to publications dealing with the construction, 
validation, and use of the tests. . 

The second section contains titles and, in most instances, reviews of 
Over 400 books, Some books are reviewed by several authors. This adds 
up to a total of 758 book reviews taken, in part or ї foto, from 191 
Journals, No original book reviews were solicited for this section. The 
Use of the massive volume is facilitated by three indexes, as wel’ as the 
directory and index of periodicals and publishers. 

In the days characterized by an overabundance of books and papers 
11 almost any field of scientific endeavor, synthesizing efforts are badly 
needed to register and evaluate the “output.” In the field of mental 
measurement, Buros’ Yearbooks have served this purpose well. For the 
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: : 6 
future, in which the output may be expected to я 
selective attitude may be the only way to save this heme е Fine nen 
from collapse due to the sheer weight of the material мын э эрэн 
volume resulting from a high price. Even now, while the vo um E Eon 
certainly find its way to all the libraries in which ü —— = 
ence book on the tools and theories of psychological testing is пан sperm 
individual user may pause before making out so large a check even 5 
he would like to have the book on his shelf. 


SEF OZEK 
Joser Br д 


-— sychialty, 
The African Mind in Health and Disease; A Study in Ethnopsychiatry 
by J. С. Caroruers, 1 


7? pp. World Health Organization, Geneva, 
Monograph No. 17, 1953. Paper bound, $2.00. 

Readers of Human Biology will find f. S 
monograph incorporating the contributions of anthropology, 80020 к i 
psychology, psychiatry, human physiology, pathology and nutrition to 
study of the mind of the African. 

Of Africa's 170,000,000 n 
living south of the Sahara 


* еті еп 
ascinating this well writt 


ative people, about 110,000,000 are uus 
Desert and long isolated, genetically ri 
culturally, This is a unique phenomenon, of particular interest to ih 
dents of man's mental apparatus. For this reason, the World н бе 
Organization thought it worthwhile that a review and og ton 
written on this subject and commissioned Dr. Carothers to do BOs Ж. 
author was reared in South Atrica and worked for 21 years in Кепу 
Of this time;47 Years were spent at the mental hospital in Nairobi. " 
The monograph consists of three sections: I. The Physical 3 
ground of the African; II. Тһе Mind of the African; and 1 
Discussion on Evolution and Culture, 


First, the author defines in the dimensions of anthropology; genet? 
geography, and climatology the Peoples of his study. They live ший 
vast, inaccessible region of low Population density, subject to a 
solar radiation, fluctuation between illspaced rains and drought; ме? 
on soi! generally deficient in calcium and phosphorous. Attentior "a 
directed to the effects of genetic, infectious, deficiency, endocrine, “оын 
logical, hematopoietic and addictive diseases. Тһе cultural aon 
under which the African develops are characterized in the oral ов 
by prolonged, extraordinarily indulgent nursing, ending abruptly nol е 
the 24th to 36th month; in the anal-muscular period by the absenc 


—— SCC 
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social training. with answers to * why " being given in magical animistic 
absolute terms which stifle curiosity; and in the oedipal period by 
uninhibited childhood sexual play. Due to an absence of toys, manipu- 
lative skill and form perception is not developed. Ву adolescence, 
Processes favoring individualistic development have ceased and pressures 
to fit into a rigid static social framework become dominant. In adult- 
hood, the behavior patterns are fixed, and “life is governed by rules 
and taboos which are meticulously anchored to the land. Free expression 
is limited to oratory, music, dance, and the weaving of fairy tales.” 
Super-ego is but slightly internalized, the deterrent to aberrant action 
lying not within the individual but within the publie opinion. 

To disentangle the parts that constitutional and evironmental factors 

play in producing distinctive characteristics in the mentality of the 
African, the author proceeds to describe what studies have been made 
and to assess their merits from the viewpoint of his own multidisci- 
Plinary perspective. The African has been described as “ conventional ; 
highly dependent upon physical and emotional stimulation; lacking in 
Spontaneity, foresight, tenacity, judgment and humility; inapt for sound 
abstraction and logic; given to phantasy and fabrication, and, in general, 
às unstable, impulsive, unreliable, irresponsible, and living in the present 
Without reflection or ambition, or regard for the rights of people outside 
his own circle. To counteract these ruderies, lie has also been described 
88 cheerful, stoical, self confident, sociable, loyal, emotionally intuitive 
and eloquent, and as bearing no grudges and having an excellent memory, 
4 large vocabulary and an aptitude for masie and the dance.” 
Chapter УП, on “Psychology in Relation to Ervironment” is 
excellently presented. Its main theme is that preliterate African man 
has through hundreds of generations developed a culture along such lines 
88 to “reduce the exigencies of living to a minimum so that the inte- 
Sration which the rural African apparently achieves is founded on the 
Continuing support afforded by his culture to the end that he has but 
little independent existence in himself.” Superimposed upon these basic 
traits are the deleterious effects of malnutrition and disease which in 
"ID may at various times influence the patterns of his culture. 

Tneluded in the monograph is a long, interesting chapter on psycho- 
Pathology, Emotions easily dominate the African’s mind. Stresses are 
not handled intrapsychically by neuroses, as known to Europeans, but 
Әу the rules, laws and taboos of the social framework. Psychoses have 

пет structure so altered by lack of strong integrational patterns in the 
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ego that they assume amorphous and abortive forms. With ie | 
drive and individual maturation severely affected by malnutrition pa 
disease, solution of the nutritional and infection problem is a prerequisite 
for establishing and maintaining efficient mental function. 


J. Vicror MoNKE 


Catalogue des Hommes Fossiles. Edited by Henri V. Үлілдің and 
HarraAM L. Movius, Jn. Reprint, Fase. V Comptes Rendus NIX 
Congrés Géologique International. Alger, 1952, pp. 59-378 (1-320). 
Franes 500. я 


The present catalogue consitutes a complete record of all fossil 
human remains known to exist or described up to the year 1952. W. ss 
Quenstedt’s Fossilium Catalogue. Hominidae Fossiles (W. Junk, The 
Hague, 1936) brought the material up to 1935, but this excellent work 
was so costly that its cireulation was severely restricted. F. Fue 
Cranes Paléolithiques (Société Préhistorique Frangaise, Paris, 1931) 
which brought the material up to the year 1936, for some reason seems 
to have enjoyed an even narrower c 
many important discov 
been made, so that an up-to-date 


à Student desiring a copy. 1 
It is very much to be hoped that this excellently produced and usefu 
work will have a long life, and that from time to time new editions of it 
will appear. 
Copies of the work ma 
Secrétariat Général, XI 
des Sciences, Alger, F 


Y be obtained at the price of 500 francs from: 


X Congrès Géologique International, Faculté 
rench North Africa, 


ASHLEY MoNTAGU 
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An Rh-Hr Syllabus. By A. S. Wiener, xii + 82 рр. Grune & Stratton, 
New York, 1954, $3.75. 


Time was when a non-specialist, with an ordinary amount of 
application, could keep abreast of the work in blood grouping and typing. 
But progress in this branch of serology has of late years been so rapid 
that it has become virtually a full-time job to keep up with the new 
discoveries and the increasing complexity of the subject. 

In the present volume, Wiener sets out to put the inexpert reader at 
his case with the К-т types. His object of presenting a compact, 
readable, up-to-date summary of the subject is accomplished by present- 
ing the information in the form of a glossary, arranged in logical rather 
than alphabetical order. 

Following an account of the fundamentals of the subject, the author 
Proceeds to a discussion of the Rh antibodies, the serology and genetics 
of the Rh-Hr types, erythroblastosis fetalis, blood transfusion, and auto- 
Sensitization. Не also diseusses the anthropological and medico-legal 
aspects of the subject, and there is a useful index. 

Wiener’s discussion and criticism of the Fisher symbols for Rh 
Phenotypes, his classification of ethnic groups, and his suggested explana- 
tions of the mechanisms involved in various obscure hemolytic conditions 
add to the interest as well as the value of this little volume. 

The clarity of the diagrams and the tables combine to ease the 
reader’s path. The volume would benefit from the dropping of a few 
Solecisms in a future edition. 

ASHLEY MowTAGU 


Clinical Genetics. Edited by Авхолл» Sorsny, xi + 580 pp. С. V. Mosby 
Co., St. Louis, Missouri, 1953, $17.50. 


This volume constitutes a substantive contribution to clinical path- 
‘ogy from the standpoint of geneties. It is a book which all human 
biologists will at some time wish to consult. Altogether there are 29 
Contributions by 26 contributors. The book is divided into two sections. 
(1) Theoretical Considerations, and (II) Clinical. An elementary knowl- 
edge of Beneties is assumed throughout. 

Sorsby opens with a discussion of “ Clinical varieties of disease," 
ch is admirable for its balance, its emphasis on heredity as the 
eraction between genotype and environment, and its extremely valu- 


olo 
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i: ems » 
able “tentative classification of the clinical varieties of ganeme 4. 
Snyder and David follow with by far the best discussion of “ I vus p 
and expression? that we have. Here these authors also enter nook 
valuable account of modifying environmental factors, and a кш 
of the constitutional approach, which make an admirable supplement ү 
Sorsby's article and а good introduction to those which follow. — 
“The detection of genetic carriers of inherited disease,” offers both ы 
able discussion and a useful table of the carrier states of 33 (яны se 
their probable mode of inheritance. Waterhouse summarizes ар 
studies ” in a paper which is а model of Из kind. Ford’s ose 
“Sex limitation” represents an important contribution toward. ^" 
clarification of a too often confusedly discussed subject. Mather's “I пз 
genic inheritance” is а magisterial piece, treating of a highly pedi ся 
subject, the statistical geneties of continuous variation, with consumma ; 
ease and clarity. Macgregor provides a crystal-clear “ Evaluation | 
linkage," which is at once theoretically enlightening and practica y 
helpful. Crew's informative chapter on * Mutation” contains a section 


on “ Medical and social aspects of mutation ? which is of the first шаг 
of importanee and should be required reading by all human biologis s 
Dahlberg's exposition of the « Diometrie evaluation of findings ts 
almost certainly the best short piece of its kind; indeed, it is a рмей 
piece. Koller's admirable account of “ Cytogenetics ” contains a grave 


Ё “амво: the 
warning which reenforces the comments of Crew. In discussing the 
potential dangers of radiotherapy and chemotherapy, Koller ME nent 
greatest caution and continuoas inve : 


mutations aye r!most always 
high frequencies, they 
people whose germ plas 


stigation, for, as he says, ith 
deleterious and if they are produced 2 
Will throughout future generations, kill pe 
m is contaminated with the mutated genes s. 
could be killed directly by thc explosion of the atom bomb ” “уран 
Catcheside is quite exciting on * Chemical genetics.” With a section . 
* Comparative pathology > Sorsby concludes the first part of the at 
Part II opens with а discussion by Tanner of the “ Inheritance. а 
morphological and physiological traits." D. Klein presents an € 
analysis of * Metabolic disorders,” and 0. L. Scott deals with “ are 
of the skin "—the largest and physiologically least studied cf pascit 
of the human body. In an admirable article Falls deals ec M 
“Skeletal system, including joints.” Stephens on “ Muscular md y 
is excellent. Pratt on * Diseases of the nervous system ” deals mos ын 
with a difficult subject, and Böök on “ Oligophrenia ” (mental deficie 


рч 


эс» 
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is both informative and well-balanced. Slater on * Psychiatry " is 
exemplary. Every psychiatrist would benefit greatly from a reading of 
this rensarkable paper. llis discussion of the strengths and weaknesses 
of psychiatrie genetics should be read by all human biologists. Somewhat 
Surprisingly Slater rather uncritically accepts the work of Sheldon on 
constitution and temperament—whieh Hanhart. many pages later in the 
same book, does not. Sorsby’s account of genetic disorders of the eye is 
most enlightening, and two pedigrees are given of what appear to be 
mutations. Lindenoy discusses the geneties of disorders of “ The ear," 
and Rushton writes on * The teeth.” Here it could have been wished 
that the coverage had been a little fuller. Rushton unaccountably omits 
many of the fundamental references to the literature. Carter on the 
“ Alimentary system " is most interesting, but one could wish that he 
had discussed the embryogeneties of cleft-palate and hare lip somewhat 
More in detail. Lindenov discusses the “ Respiratory organs” and 
Herndon the * Cardiovascular system.” Neel ably covers the field of 
“Inherited abnormalities of the cellular constitutents of the blood,” and 
Jackson briefly but adequately sets out the facts about “The haemor- 
rhagie diatheses U—mainly hemophilia. Stratton’s account under “ Ser- 
ology,” of the blood groups and types is exemplary. Tage Kemp on 
“The urogenital system” and Bartels on “Endocrine disorders” are 
Most informative, and so is Hanhart on “ Infeetions diseases" and 
Schwartz on * Allergy." Gorer concludes: the book with a splendid 
chapter on * Cancer,” 

There is a good selected bibliography and an index. 

Altogether this is a notable contribution surveying our knowledge oi 
clinical genetics to date. 
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